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DESCRIPTION 

Methods for Evaluation of Antimicrobial Targets 

Background of the Invention 

This invention relates to the fields of antimicrobial 
therapy and methods for identifying and evaluating targets 
for antimicrobial therapy. 
5 The process by which bacterial pathogens and other 

microorganisms cause disease involves the overt 
replication of the microbe within the host, and/or the 
production of both cellular and extracellular factors 
which enhance the pathogenicity of the microbe. To be an 

10 effective pathogen the invading microbe must establish 
itself in the host, creating an environment in which it 
can avoid destruction by the host's immune system. To 
establish itself, the microbe requires a variety of 
molecules which provide functions such as attachment to 

15 host tissue, penetration of anatomic barriers, disruption 
or avoidance of humoral factors, and avoidance or 
inactivation of phagocytic cells. Such molecules include 
colonization factors, such as adhesins, and certain 
proteases, endotoxins, and exotoxins. These molecules 

20 help to secure the microbe to favorable host tissues and 
to alter the local environment to allow initiation and 
maintenance of infection. This process is often very 
specific for a host /pathogen pair, and is essential for 
the subsequent events in the pathogenic process. 

25 Once established, the pathogen may produce a variety 

of virulence factors or toxins. These microbial products 
are usually genetically regulated and the microbe often 
expresses these products only while within the host. 
These virulence factors include a variety of toxins and 

3 0 other exoproducts important for the creation of and 
maintenance of the ecological niche within which the 
microbe resides. For example, for the enteric pathogen, 
Shigella, clinical isolates produce pili to adhere to 
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-cosa surfaces and toxins which enhance invasion of 

:::::: cells - in ™™ . ^ 

pathogenesis-related exoproducts have been identified 

noting Staphylococcal iysozyme, exfoliative toxins A 
and B, pyrogenic exotoxin, coagulase, hemolysins a-d and 

z rr • x : other patho9enic s — — — 

ractors have been identifier? k,,*- 

p t ^entitled, but numerous virulence 

factors remain to have their functions identified or 
apprec.ated. All important pathogens have similar capa- 

th Th6Se ^ among species nd 

depend on the environment in which the pathogen i s capable 
o Prospering, as well as the genetic capabilities of th 

microbes. 

As was suggested above, virulence factors include 

::Ld7nT les besides toxins and shouid ^ « 

including any microbial products which enhance the 
capability of the microbe to create disease. So 
-ample, capsular poiysaccharides produced by the microbe 
as antiphagocytic defenses to prevent the hosts- 
immune system from eliminating the microbe. There are 
virulence factors which enhance the capability 

<L iLr ^ miCr0bS ^ aV ° idin9 " ^^upting Amoral 
antibody-mediated, immunity. There are also virulence 
factors which give the invading microbe properties Z 2 
overcome the hosts- anatomic barriers. All such microb ^ 

ability to cause disease are possible targets for novel 
antimicrobial agents. 

The bacteria are not alone in the microbial world in 
their ability to cause disease i„ 

vir„= B = = In ad dition to numerous 

viruses, a number of lower eukaryotes, fungi and yeast are 
being recognized as increasingly important pathogens " 
such pathogenic fungi and yeast, liKe in bacteria £ 
organisms possess specific features which enhance h 
ability to cause disease. Parasites also have a wide 
variety of described and yet to be described virui 
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None of the above material is admitted to be prior 
art to the pending claims, but is provided only to aid the 
understanding of the reader. 

Summary of the Invention 
5 This invention provides methods for evaluating 

specific microbial genes and the encoded products as tar- 
gets for antimicrobial therapy prior to identification of 
a specific inhibitor (s) or enhancer (s) of the gene or gene 
product. These methods are useful for evaluating such 

10 genes and gene products even when information about the 
function of the encoded products is incomplete. For 
example, such evaluations can be performed both when the 
reaction pathways involving a gene product are known to 
some extent, but before the involvement of that product in 

15 an infection process is fully appreciated, and when the 
specific reaction pathways in which the gene product is 
involved are known. Since, the methods utilize expressed 
coding sequences, evaluations can be performed even before 
the specific gene product has been characterized. Thus, 

20 these methods provide an efficient approach to the 
identification and evaluation of novel therapeutic 
targets . 

In general, these methods for evaluating 
antimicrobial targets are based on artificial control of 

25 the level of activity of a gene product. As described 
herein, such control may be achieved in different ways, 
but generally involve artificially changing the 
environment of a microbe (such as by contacting the 
microbe with a small molecule) which causes a change in 

30 the level of activity (or function) of a gene product. 
The change in activity can be accomplished in a variety of 
ways, among which are altering the transcription rate, 
altering mRNA processing (for cells and genes for which 
this is necessary), transport, or degradation, altering 

35 the translation rate, and altering the stability of the 
gene product. (Alberts et al., MOLECULAR BIOLOGY OF THE 
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CELL, 3rd ed. , p.403 ) a™ ^-f «-v, 

Y ° f these Processes can be used 
to a ltsr the lml Qf accivity of - d 

and so could be utilUed ln the methods o£ ^ ^ J - ■ 

Along with the identification of novel targets, these 
-thod llow assessment of tlme . dependerit inh 9 ibiUon hS 

a target gene product, i.e., these methods 

r? ^^uences <* inhibiting the target 

gene product at various times after infection is initialed 
and/or of various dosing regies ^ 

clinical reievance for the possible therapeutic 
dmimstration of any antimicrobial agent „ hich ^ 

target. The Lt^lJ£^™£l 

products generally is primarHy due to inf ection-rela 

anges „ the infection host environment (inciudes 
global host environment and the localized site of 
infection) which result Wthe infection 

The use of a variety of infection models also allows 

::::: o£ the e£fects ° £ dif £e - nt 

rects are also generally related to the 
infection-related changes in the host environment and aiso 

::: tir 1 rel ™- such of infect ~ 

site differences can also be combined with tempera! 
evaluations as described above. 

In addition, by use of various animal (or other whole 
organism, or ceil-based infection models, the e x plc 
therapeutic benefit of an inhibitor of the gene g £ 
product, or reaction pathway, which may later be fouT 
can be estimated prior to any extensive search for such an 
inhibitor. This includes an assessment of the tissu 
specific effects of the inhibition of a specific targe by 
comparative evaluation of the effects observed in thl 
d fferent infection models. In addition , certain J 
can provide information on the tissue-specificity of L 
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infecting microbe, as well as of the pattern of clearance 
of the microbe from the infected host. 

Still further, these methods provide a standard for 
the comparison of the effects of the in vivo 
5 administration of a compound which inhibits a specific 
target to affect a microbial infection. These methods 
allow determination of the effects of complete loss of 
function of the product of a test gene at one or at 
various times after an infection is initiated. The 

10 effects of complete loss of function can then be compared 
with the effects of administration of an inhibitor at 
similar time points after an inhibitor has been found. 
The capability to completely inhibit the activity of a 
gene product therefore provides a baseline for evaluating 

15 the effects of an inhibitor. 

Thus, in a first aspect, this invention provides a 
method for evaluating a putative pathogenesis gene or 
essential gene as a target for antimicrobial treatment. 
This method involves infecting a mammal with a microbe 

20 containing an artificially-created genetic alteration, 
where the genetic alteration causes a change in the level 
of activity of a product of the coding sequence of that 
putative pathogenesis gene or essential gene in the 
microbe, in response to an artificial change in the 

25 environment of the microbe. When the environment is 
changed in that way, the level of activity of a product of 
the coding sequence is changed, and the method involves 
determining whether the state of the infection or the 
physiological condition of the mammal is altered in 

3 0 response to the change in the level of activity of the 
product of the coding sequence. The putative pathogenesis 
gene or essential gene is a target if the state of the 
infection or the physiological condition of the mammal is 
altered in response to the change in the level of activity 

35 of a product of the coding sequence. This method includes 
the use of microbes with more than one test gene. In one 
arrangement, two or more coding sequences could be linked 
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together which are naturally 

:n preferred embodiments, the artificial u 

environment is achieved by contacting th ^ °' 

in u- contacting the microbe with a 

10 switching compound. As is described herein such 

switching compound is preferably a smal! m culT^ tn 
-ll-characteri.ed pharmacodynamics in the infection ho 
An understanding of the pharmacodynamics of the switch 
compound enables the selection of a switch^ ' 
- appropriate for a specif, pathogen. 

r s ;r as h r un3 ch * 

siLiar oh h ° f 3 SPSCi£iC aCtlVit ^ ^s 

" PharmaC ° dynaml « (including tissue distribution 

and clearing characterist.es, . In general, the choice of 
« a switching compound depends on a number of factor! 

including, e.g., sufficient distribution of the 7 ' 

- the infected tissue and sufficiently long f! " 

the compound in the infected tissue to achieve eH s 

control of the level of J Bt 1 

>S However, the choice of a switching compound and the c ice 

o switch design are reiated, selection of one of th 

" be" clear * * ^ " 

herein can " SW " Chin9 C ° mP ° Und aS 

herein, can, in venous switch designs, be anv of 

° -iety of bioiogically active compounds. Some sue 
ompounds can be referred to using other biological te^s 
uch as modulators.., -enhancers.., . indu ™' 
"mediators", and "regulators.. Therefore thU ' 
is not limited by the specific control L ZTlT 
S y the specific switch design chosen to control te lev 
of activity of a product of a test gene. 
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Also in certain embodiments, the methods use a 
microbe which has more than one artificially-created 
genetic alteration, each of which enables a change in the 
level of activity of a product of a test gene. At least 
5 two of the genetic alterations enable changes in the level 
of activity of the test gene in response to different 
switching compounds. One way of constructing such a 
system is to have expression of a test gene blocked by 
binding of a repressor molecule. Expression of the 

10 repressor molecule can then be turned on by the presence 
of any of several switching compounds (which then stop 
expression of the test gene) Such a microbe thus allows 
convenient comparison of the effects of altering the level 
of activity of the test gene by the use of compounds with 

15 a range of pharmacodynamic properties. (See Fig. 8 for 
schematic depiction of an example using two different 
switching compounds . ) 

Similarly, in certain embodiments, the method uses a 
microbe which contains more than one artificially- created 

20 genetic alteration, and more than one test gene. The 
levels of activity of at least two of the test genes can 
be changed in response to different switching compounds. 
Such microbes allow the convenient evaluation and 
comparison of the effects of changing the levels of 

25 activity of different gene products in the same microbial 
and infection environments. Such microbes can also be 
used to evaluate the effects of more than one test gene 
concurrently. 

The term, "artificially-created genetic alteration", 
3 0 refers to a change in the DNA of an organism through the 
actions of a person, but does not refer to changes 
occurring through natural processes of genetic exchange, 
such as conjugation. Such artificially-created genetic 
alterations can be of many different types. Some of those 
3 5 types include single nucleotide changes, deletion of a DNA 
sequence (s) , insertion of a DNA sequence (s), or 
combinations of the preceding changes. Further, the 
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changes may be to the DKA Qf ^ ohrQ „ 
which is extra-chro.oso.al. Also, the changes cah be 
leca ed in coding sequences or in other sequences such 



regulatory sequences, including binding sites £or 

l7™r l3tSd C ° ~ - translation. Such 

artificially-created "genetic • 

y ecic alterations can be 



«-^^xa L iuub can hp 
esTsT thrOU9h - d •«* transmission 

f h 3 ° r3aniSm ' SUCh «e also 

sard to have artificially-created genetic alterations 

r AS US6d herein " the term "extra-chromosomal" refers 

:~* kh iE ^ ° £ V»* -lecule which can 
replicated within a cell, but which is not part of the 

chromosome of the cpIT p^t^i 

* . u tnecell. Examples of such non-chromosomal 

« pad, 8 m ° leCUleS "^"^ * ^ ~ of 

.o f' ^ alS ° inClUdS ° th « <«^« of DHA 

"a T"\'' S - COSmldS ^ yMSt artiflCial ^romoso^es 
(VACS, . Since such raolecules CM be replicated 

cell, copies can be passed to succeeding generations of 
the cell, maintaining the presence of the extra- 

20 chromosomal DNA. a 

The phrase, "level of activity of a product of the 
coding sequence", refers to the level of physiologically 
relevant biological function of the product of the coding 

sequence beina te^t-pH , ig 

25 refers to th , P ' f0r an enzyme ■ this 

refers to the level of activity of all of the molecules of 

be a!t red in a variety of ways, including altering the 
trail \ t0 £ °™ *»• altering the rate of 

30 the t 3 P ° lYPePtide Pr ° ducc £ -m a mRKA, altering 

the transport of a product to a site of action and 
a taring the stabillty of ^ ^ ^ ^ - 

f „e of the product. Any of these methods can be use! 
c alter the ievel of activity of the product of . coding 
equence In the context of these methods, a ..change" Z 
he level of activity of the product of a coding sequence 
s determined by comparison with the leve! of the actll" 
« the absence of the artificial change in thl 
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environment. That comparison level of activity may be the 
same or different than the level of the same activity in 
a corresponding wild-type organism. 

The term, "artificial change in the environment", 
5 refers to a change in the environment of a microbe which 
is directly caused by the actions of a person. In 
particular embodiments, such changes specifically include 
changing the concentration of a small molecule (such as by 
adding a quantity of that compound) in the vicinity of a 

10 microbe. However, the term can also refer to other 
changes such as exposure to light (which may be of a 
specific wavelength) , contact with a specific metal 
ion(s), or a change in temperature. 

In a related aspect, this invention provides a method 

15 for evaluating a specific putative pathogenesis gene or 
essential gene, or the gene product of such a gene, or the 
reaction pathway in which the gene product is an important 
element, as a target for antimicrobial treatment. In this 
method, recombinant microbes which contain one or more DNA 

20 constructs are used to infect a mammal. At least one of 
the DNA constructs contains a coding region of a putative 
pathogenesis gene or essential gene, such that the 
expression of that gene can be controlled by contacting 
the microbes with a switching compound. The control, i.e. 

25 the ability to switch, or change, the expression state, 
mimics the effect of an antimicrobial agent, for example 
the effect of an inhibitor of the product of the switched 
coding region. After switching the expression state of 
the putative pathogenesis or essential gene, the method 

3 0 involves determining whether the state of the infection or 
the physiological condition of the animal was altered in 
response to the switch of the expression state of the 
gene. The gene is a target if the state of the infection 
or the physiological condit ion of the animal is altered in 

35 response to the switch of the expression state of the 
gene . 
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with Hl S ' th \ lnV1V ° «"~t. (waning effects occurring 

M in£eCUOn h ° St -™-t, which 
result from changes in the function of the infecting 
aerobe due to the administration of such an inhibitor can 

tor T e h ed f prior to the discovery of ™y 

tor. This information provides a measure of the potential 
f ec iveness of such an inhibitor in treating .icrobial 
infections, which provides valuable guidance on whether to 
10 P TT- diSC ° Very -P-i-nts searching for such an 
inhibitor. one useful and measure is the ■cidalness.. of 
the test gene, i.e., the degree to which ioss of the 
function of the test gene kills the infecting microbe 

In addition to providing an evaluation of the gene 
and its corresponding product and reaction pathways as 

15 potential antimicrobial taraets thi * *u * 

... . targets, this method provides 

additional information on the appropriateness of the 
pathogenesis gene or essential gene as a practical 
antimicrobial target. Such information is provided by 
following the initial evaluation of whether the microbial 
infection or the health of the infected animal ls altered 
" reSPOnS * t0 the Switch of ^e expression state of the 
pathogenesis gene or essential gene, with an evaluation of 
the extent, nature, and consequences of the alteration of 
the infection or the health of the host. 

25 „ ^ " meth ° d f ° r evaluating" means a method for 

determming whether a property or characteristic or effect 
xs present. This may, but does not necessarily, include 
a measure of the <?i 7p i a , ml 

size, level, or intensity of such 

characteristic property or effect. 
30 A "pathogenesis gene" is a gene whose function is 

critical at least at some point in the pathogenesis 
process, e.g., in the establishment, maintenance, in vivo 
survival, or progression of an infection, or in the 
maintenance of a latent or quiescent state of an infection 
in an organism, e.g., a mammal or other animal or a plant 
Therefore, as examples, this term includes genes for 
products which allow a microbe to adhere, colonize, and 
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survive in the host environment. These include genes for 
products such as adhesion factors, which allow the microbe 
to attach to a surface of the host organism, as well as 
genes for products which alter the microbial environment 
5 at the infection site and for products which reduce the 
ability of the host's immune system to eliminate the 
infection. In the context of this method for evaluating 
a gene as a target, this implies evaluation not only of 
the gene itself, but of the transcribed RNA, the 

10 expression product, and of a reaction pathway or pathways 
in which that expression is an important part. 
Consequently, the term does not imply that an inhibitor 
necessarily acts at the level of the DNA or transcription 
process; in many cases an inhibitor would be expected to 

15 act at the level of a reaction directly involving the 
expression product of the gene (e.g., inhibition of an 
enzyme) . 

A "putative pathogenesis gene" is a gene which is 
being evaluated as a target for antimicrobial therapy. 

20 This does not imply that it is known that the gene is a 
pathogenesis gene as described above. For use in this 
method, a putative pathogenesis gene has preferably, but 
not necessarily, been chosen on the basis of some prior 
information about the gene or a relationship of the gene 

25 with other genes believed to be pathogenesis genes. 
Examples of such other types of information are provided 
below in the Description of the Preferred Embodiments. 

The term "essential gene" refers to a gene whose 
function is essential to the effective growth of the 

30 microbe in a particular growth condition (s) , e.g., in in 
vitro culture in a defined medium. For identification as 
a possible antimicrobial target, a gene identified as 
essential in vitro is also essential in vivo, that is, in 
an infection, such as of a mammal, and is preferably a 

3 5 gene whose function is essential to survival of the 
microbe in vivo. Similar to the description of 

pathogenesis genes above, the term "essential gene" refers 
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not only to the DNA ooding region _ ^ 

ranscnpt and the expression product. It also refers ^ 
the reaction pathways of which the expression product is 
an important part. Scating that che ^ 
5 important part o f a reaction pathway means tha 2 
absence or essentially collate inactivation of tnat 
product substantially chan g es the level of a functional y 
Levant activity in the microbe. This implies that therl 
are not alternate products or pathways to return n 
10 rexevant activity to a functionally equivalent level 

evaluatlr tatiV \ eSSential ** * 9 ™ ^ ^ 

evaluated ln this method in . manner ^ 9 

essential genes. These 9 enes may, for example b 

about their essential status, or on the basis of other 
information, e.g., homoXogy information for the DNA coding 
sequence with Known essential genes from other rel^d 
microbes. Prior information about the status of a gene Is 
essentia 1 can, for example, be provided by the isolatio 
20 of temperature sensitive mutants, mutated i„ . " 
corresponding to the test gene. 

in the context of the DNA constructs of the claims of 

^i:™ 1 ^ r al r e " refers to a dka 

„ 311 or a Portion of the codina 

25 sequence of a gene from a microbial genome. However, s i 
does not mean identical. Thus , the sequences may di TZ 
by changing a smaH percentage of bases, by deleting I 
small percentage of bases, by adding a small percentage o 
bases, or by a combination of such differences. Such 
30 differences are preferably less than s or m of the fuU 

3rTt e sh b o u id ln some cases may be hi9he - - 

30 It should oe recognized that the blologicel activity 
of nterest may depend on the presence of only a portion 
of the natural gene product, so the product elpresse t 
35 he gene on the DNA construct should have essentially thl 
same biological function as the product of the nit v 
9 ene. m addition, the biologica! activity for a tZ 
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concentration of gene product is preferably approximately 
the same for the product of the DNA construct as for the 
product of the native gene. However, if the natural gene 
product possesses multiple biological functions, the 
5 product of the test gene need not possess all of those 
activities. 

As was suggested above, evaluating a gene as a target 
means determining whether an alteration of the expression 
of the gene alters the status or course of the microbial 

10 infection, or the health of the infected organism (e.g., 
a mammal) . Therefore, altering the expression of the gene 
can mimic the action of antimicrobial agents which may act 
at the level of the DNA coding sequence itself, but this 
is not essential for identifying the gene as a target. It 

15 can equally mimic antimicrobial agents which act at the 
level of the RNA transcript or directly on the expression 
product, or which interfere in some manner with the 
reaction pathway of which the expression product of the 
gene is an important part. Therefore, in this method, a 

20 gene is a "target" if an alteration in the expression of 
that gene results in a change in the status or course of 
the microbial infection, or in the health of the infected 
animal . 

The term "mammal" has it usual biological meaning as 
25 referring to warm-blooded animals which nurse their young. 
This includes, e.g., mice, rats, rabbits, dogs, cats, 
swine, cattle, and humans. 

The term "antimicrobial treatment", as used herein, 
refers to the administration of a compound to interfere 
30 with the growth, viability or effects of the presence of 
a population of a microbe. To illustrate, a compound 
administered as an antimicrobial treatment may kill the 
microbe, or, as another possibility, the compound may 
merely enhance the capability of an infected host animal 
35 to eliminate the microbial infection. 

The term "infection" refers to the presence of a 
population of a microbe in an animal where the presence of 
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that population is to S ome degree dam 

animal. This effect may be due, for exlpie, to J 
presence of excess numbers ot the microbe o o h 

s : h hi9hiy viruient ™ - 

strain of the microbe, or may be due to the presence of 
a population of a microbe which is not normally pre^n „ 

:::ii. or - hich is — - - — * 

10 meaning , ^ blCl — 

a ineretore, the term includes, e.g., bacteria 
Protozoa, fu„ 3 i, and yeast , as ^ ^ ; 

specific example of a bacterium which is described and 
Z 2 M deSCripti °" ° f Purred embodiment 

IS rl ^ St ^°™ ™. It should b 

bact eri a, can exist as a variety of strains which may have 
genetic differences which are =■ 

„ a[l . are significant for 

pathogenesis. The term . recombinant microbe" similarly 
has its usual molecular biology meaning. The term re II 
to a microbe into which has been inserted, through th 
actions of a person, a DNA sequence or construct which wal 
not previously found in that microbe, or which has be " 
inserted at a different location within the cell 2 

is : of t that microbe - s - at »^«- M e 

ally occurring organisms. Thus, for example a 
recombinant bacterium could have a DNA sequence inserted 
which was obtained from a different bacterial specie 

30 o» e " 1Se ' 3 reC °^ inant >»««*™ «y contain an iLerted 
30 se^ence which is an altered form of a sequel « 

normally found in that bacterium. Mother example of a 

possible insert i n . recombinanc 

insertion of a DKA sequence which is normally found in the 

35 Z I""' " hiCh ^ ln 3 COnSCrUCC ^an h 

35 ^ structure in which the sequence was previously fou a 

in the bacterium. ta example could be a sequence on 

Placid, when the sequence was previously ZjoZ* 
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located. In general then, a recombinant microbe is a 
microbe into which a DNA sequence has been inserted by 
artificial genetic manipulations. For most purposes it is 
preferable that the inserted DNA sequence should be a 
5 stable insertion, meaning that the sequence should be 
replicated and transmitted to progeny microbes as growth 
occurs . 

In the context of recombinant microbes, a "DNA 
construct" describes a DNA chain which contains a segment 

10 which has been removed from its normal microbial 
environment. Thus, for example, a DNA construct could 
consist of a coding sequence with its normally associated 
regulatory sequences, which has been isolated from its 
normal microbial setting, but a DNA construct can also 

15 include a DNA coding region which has been inserted in a 
microbe in a plasmid in which it was not previously found, 
or a DNA regulatory region which has been inserted into a 
microbial chromosome. A variety of other such DNA 
constructs are well known to, .and "used by, those skilled 

20 in the art . 

In the context of the coding region of a gene, 
"expression state" indicates the status of the production 
of the encoded product of that coding sequence. Thus, for 
most genes, the expression state refers to the status of 

25 the translation of an RNA transcript to form a polypeptide 
product, but can also refer to the status of the 
transcriptional product when that transcriptional product 
has the relevant biological activity. An example of such 
an active transcriptional product is RNA III, which is 

30 related to the agr locus of Staphylococcus aureus. At the 
extremes, "expression state" indicates whether detectable 
gene product is being produced or not. If detectable gene 
product is being produced, the expression state is "on", 
if not, the expression state is "off". In addition, 

35 however, expression state can refer to the level of 
production of a gene product. Therefore, it can refer to 
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whether the product is being produced at a i , 
[n nffin . , a f^^cea at a low level 

l off") or a high level ("on"). 

stated 3 related term ^ C ° nteXt ° f "» expression 
s ate of a gen e, the term „ switched „ means 

S of production of the gene product of the coding segue" 
h s been detectably altered, i.e.. th e expression^ 
has been changed. Thus, for examnle t-h. 

of a example, the expression state 

of a coding sequence has been switched if the level of 

expression has been changed from a low ! i 

10 level, where in =„„ ■ 61 t0 a hi 9 h 

"here, ln some instances, the low level mav be 

undetectable and may therefore be referred to as no 

production. similarly a change in the expression lev 

-y be rn the opposite direction, from a high level o 

production to a low level. As indicated above a low 

r 1 ^oduction may be undetectable. As sugges Z 

TZl'J expression state of a *•»« »y * swit L y 

alteration at the transcriptional level or thl 
translational level a« h.„ w j t 

' As described above, the level „ f 

TnT.f ' 3 SCabllit y of the product 

th t the'l^: T rally ' " S " itChed " ° r " Ch ^d" means 
that the level of activity of a product of a codino 

seguence of a putative pathogenesis gene or essential gen! 

i. either higher or lower than before being switch 

25 obstructs and methods which aUow switching or ch g g 

'IT S ! id herein C ° ™" « ^vo swit!" 9 

The term -contacting", as used herein, indicates that 
a concentration of a compound or other material «e g » 
ion such as mercury or iron ions, has been placed 'in ' the 
30 immediate cellular environment of the microbe. Such I 
compound may be, but is not necessarily, then ta.en up 
nto he interior of the microbial cell. Therefore the 
t rm -contacting., mereiy means that the exterior of he 
microbial cell has been exposed to the compound 
35 cruses. the term may mean th», ,v, 

penetrated „>. • the COI "Pound has 

penetrated to the interior of the host cell, or merely 
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mean that the exterior of the host cell has been exposed 
to the compound . 

In the context of the methods of this invention; a 
"switching compound" is one which alters (switches) the 
5 level of function of a product of a coding sequence, such 
as by altering the amount of functional expressed product 
present. In certain preferred embodiments the switching 
compound alters the expression level of a coding sequence 
of a test gene when the cell or the expression system 

10 containing that coding sequence is contacted with that 
switching compound. A well known example of such a 
compound which operates in a "number of bacterial species 
is tetracycline. In certain bacteria, exposure to a low 
level (sub-growth inhibitory level) of tetracycline 

15 induces a much-elevated level of expression of a gene from 
a resistance-related promoter. A switching compound may 
cause an increase or a decrease in the level of activity 
of functional expressed product, e.g., it may cause an 
increase in the expression level of a coding sequence or 

20 it may cause a decrease in the expression level of a 
coding sequence . 

It is preferable that a switching compound be a small 
molecule which has well-characterized pharmacological 
properties. This is useful for several reasons. One such 

25 reason is that different compounds will distribute 
differently, and have different tissue clearance rates. 
This means that the effective concentration of a switching 
compound at different specific infection sites can vary. 
(Or conversely, that the effective concentration of 

3 0 different switching compounds at a specific infection site 
can vary even if the average concentration of the 
different compounds in the bodies of the infection hosts 
is the same.) This further means that the temporal 
behavior of various switching compounds will differ, with 

35 accompanying differences in the control of the level of 
activity of a gene. Therefore, a switching compound can 
be selected which is appropriate for evaluating a specific 
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. test gene in a specific infection model based on suitable 

Pharmacodynamic properties. Also tablS 
• , . aiso, selection of a' 

sw.tch.ng compound with specific known temporal J 
distributional characteristics ia vivo , t *°^ ^ 

: h cest gene ' ™ es - 

with che »Peutrc effects of inhibiting the test gene 

«th an inhibitor which has similar characteristics Z 
comparison with the use of a switching expound ,or othe^ 
et ho of altering the level of activity of the product 
test gene, with unknown pharmacodynamics. such 
compounds are known, for example, among the inactive <o 
low activity, analogs of known antibiotics. For these 
compounds, the pharmacodynamics of the class of compoun 

S ha the T 10USlY inVeStlg " ed ' b " "» inactive analog 
has the advantage that it does not have significant 

antimicrobial activic, -, • y acant 

activity to complicate the evaluation of 
PO ential targets (e . g „ the * 

n .b.ot.cs to which the infecting microbe is resis It 
0 rlsl; " ^ — - -at 

whxc hav vary lng access to different tissues can provide 
Tl T ln£0 ™" i - - ^ suitability of a target i 

relation to dissemination of the infection and of 

S mcrobia! load in the different tissues. In c^rta 
cases, a range of switching compounds can be used, each of 
which will switch the level of activity of the p oduct o 
one coding region ,in conjunction with appropriat 

0 7T f 7 y C ™*°™^ - evaluate the effects o 

syltel S " itChin9 C ° mPOUnd 41 "^«™ ^ * -ngle 

Tte ;«f t. of the infection- can refer to the number 
bacteria in an infection in an infection host, but^n 
also refer to the growth rate of an infecting bacter al 

™. Lrefrr ;:; — «» ho St 

herefore, for example, the state of an infection 
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has been changed if the numbers (i.e., colony forming 
units/g of tissue or ml of bodily fluids) of a specific 
microbe present in the infected animal are reduced, but 
also if the rate of growth of the population of the 
5 microbe has been reduced, even though the absolute numbers 
have increased. In addition, the state of the infection 
has been changed if the characteristics of the site of 
infection have been altered so that the infecting microbe 
can be more readily eliminated by the host, or so that the 

10 microbe is more susceptible to an antimicrobial agent. 

In referring to an animal which has been infected 
with bacteria in the methods of this invention, the 
"physiological condition" of the animal refers both to the 
overall health of the animal and to the tissue condition 

15 at a localized site affected by the infecting microbe. 
The general health of the animal may be affected, for 
instance, by generalized toxins produced by the infecting 
microbe which are transported throughout the animal. On 
the other hand, factors produced by the . microbial 

20 population which contribute to the local death of cells or 
alteration 'of their biological functioning also affect the 
physiological condition of the animal. 

In particular embodiments of the above aspects, the 
recombinant microbe used to infect a mammal is a 

25 recombinant bacterium. The bacterial strain used may be 
any of a large number of pathogenic bacterial species and 
strains, but in certain preferred embodiments the 
recombinant microbe is a Staphylococcus species. These 
Staphylococcus species include, in particular, 

3 0 Staphylococcus aureus. 

Also in particular embodiments wherein the 
recombinant bacterium is Staphylococcus aureus, the 
putative pathogenesis gene can be from the agr locus, 
specifically the hi d/KNAI II coding sequence. As this 

3 5 sequence is known to be a pathogenesis gene, such an 
embodiment provides a test example for the screening 
system, as well as providing the capability to determine 
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the effects of inhibiting the level of activity of the 
product of this gene under a variety of conditions 

In other preferred embodiments the recombinant 
bacterium is a Pseudomonas species. 
5 In particular embodiments, the recombinant microbe is 

a vxrus, where the term "virus- has its usual biological 
meaning . 

In other particular embodiments of the above aspect 
the recombinant microbe is a lower eukaryote. 

10 The term "lower eukaryote" refers to eukaryotic 

organxsms which do not form multi-cellular tissues or 
organs composed of specialized cells. Here, "eukaryote" 
has its usual biological meaning, indicating an organism 
whose cells contain a membrane -bounded nuclear compartment 

15 distinct from the larger cytoplasm. 

In particular embodiments the recombinant microbe is 
a yeast, or. a fungus, or a protozoan. The terms "yeast" 
"fungus", and "protozoan" have their usual biological 
meanings . 

20 in certain preferred embodiments, the putative 

pathogenesis gene or essential gene is derived from a 
different microbial species than the microbe used for 
creating the infection. For example; a yeast ^ 
contain a gene from a protozoan. 

In preferred embodiments m which the recombinant 
microbe is a bacterium, a putative pathogenesis gene ^ 
be from a different bacterial species. These embodiments 
may be of particular utility f or evaluating genes from 
bacterial species which are difficult to culture or for 
which there are not acceptable animal infection models 

Similarly, in other preferred embodiments in which 
the recombinant microbe is a bacterium, a putative 
pathogenesis gene can be from a yeast, f ungus , or 
protozoan. These embodiments are likewise especially 
useful when use of the bacterium, fungus, or protozoal 
would cause technical or analytical difficulties, e g if 
the organism is difficult to culture or if adequate animal 



25 



30 



35 



:> 

i WO 96/40979 PCT/US96/07937 



21 

infection models using that specific organism are not 
available . 

In certain preferred embodiments, these methods 
include the use of recombinant microbes which contain one 
5 or more DNA constructs to infect an animal. At least one 
DNA construct in those microbes contains an artificially 
controllable promoter inserted in a chromosome. This 
promoter may by transcriptionally linked with a putative 
pathogenesis gene or essential gene, such that the 

10 expression of that gene, due to transcription from that 
controllable promoter, can be changed (switched) as 
described above. The putative pathogenesis or essential 
gene switched by that promoter can be an endogenous copy 
of the gene. Having a gene on the chromosome allows more 

15 precise control of copy number (and thus dosage effect) , 
which can allow these methods to more closely mimic 
inhibition of a gene in its normal setting. However, in 
other embodiments, the chromosomally- inserted promoter 
controls another element of the switch, such as expression 

20 of a repressor molecule. In these embodiments, the test 
gene may be either chromosomally-inserted, or located in 
an extra-chromosomal element, such as a plasmid. 

The term "artificially controllable promoter" refers 
to a promoter with properties such that transcription of 

25 a transcriptionally linked coding region can be controlled 
(i.e., switched) experimentally by altering the 
environment of the microbial cell containing that promoter 
and coding region. An example of such a change of 
environment is contacting the microbe with a switching 

3 0 compound. The term "promoter" is used with its usual 
biological meaning to refer to a DNA sequence which 
controls the initiation of transcription of a DNA sequence 
into RNA. (see e.g., Watson et al . , MOLECULAR BIOLOGY OF 
THE CELL, 3rd ed. , p. 417). Thus, the functions of a 

3 5 promoter can include locating RNA polymerase for starting 
transcription . 
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The term "chromosomally-inserted" means that the DNA 
seance to which the term refers has been inS erte 
:fT" 6 ° f "^obe ^ ^ -tions of a person, 

r ^ ::;x a T t ;;-:::i: 

information of a cell of m,. . a Clc 

include . organism. This does not 

include, e.g.. yeast artificial chromosomes , YAC s, 
plasmids, or cosmids. Sl ' 

0 The term -transcriptionally l inke d" means that 

transcription controlled by a specific 
proceed =™ specific promoter can 

proceed across a DNA sequence downstream from that 
P omoter in the same reading frame in which the sl^Z 

s « hi r:;: r d to £orm a ^ in ^ 

which he downstream dna seqU ence is naturally found 

while the above aspects used mammalian rnfection 
-dels, other animals and organisms can also be used to 

z : a t :;:: h 9enes from n ™ ° f — — 

0 for ev luat aSPe "' inVenti °" Pr ° Vid - «■*<*• 

gene as ' 3 PUtatlVS P " h ^nesis gene or essential 

I p la n ^ : r9et . f ° r ^ni-o^ treatment by infecting 
Plant with a microbe containing an artificially-created 

rr :i::r tion - These m — « ~ 

S e^luate ctrrr'h """^ ^ ^ to 

te effects of changing the level of activity of a 

product of a test gene in a plant Infection. 

moments of these methods i ncl ude the use of I 
switching compound as previously described. As 
common pathogens of many food plant croo, ■ 

0 embodiments the microbe is a fungus " ""^ 

In a further aspect, this invention provides 
recombinant microbial strain* h„ k • v Prides 
express a v strains in which the microbes 

express a repressor molecule which enables artificial 
control of the IpvaI ^ - . a ^nicial 

» gene m m 7 ° £ thS Pr ° ducC o£ * test 

^,ssed in th CaSeS ' rePreSS ° r 1S °™ «* 

^pressed m the narenf et--r a ^ , . ^ 

— ~ -vedAriy^rtet—: 
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repressor. The microbial strain also contains an 
artificially- inserted DNA construct containing an operator, 
site to which the repressor molecule can bind, such that 
binding of the repressor to the operator site blocks 
5 expression of the test .gene. In particular embodiments, 
the construct is chromosomally-inserted, but in other 
embodiments the construct is carried on an extra- 
chromosomal element, e.g., a plasmid. Also in particular 
embodiments, the recombinant microbial strain is a 

10 recombinant bacterial strain, such as one derived from a 
Staphylococcus species, like Staphylococcus aureus. 

In certain preferred embodiments, the recombinant 
bacterial strain expresses repressor molecules for a lac 
regulatory system and a Jbla regulatory system, such that 

15 expression of the lac repressor molecule is controlled by 
the bla promoter. Thus, for example, in the absence of a 
/?- lactam which induces the Jbla system, the Jbla repressor 
blocks expression from the Jbla promoter, which may be 
linked with the coding sequence for lac repressor. The 

20 presence of the £f-lactam releases the Jbla repressor, 
allowing expression of the lac repressor, which can then 
block expression of a test gene. (Such as if the promoter 
for the test gene contains a lac operator site.) In a 
particular preferred embodiment, the strain contains lacO t 

25 lacl transcriptionally linked with P blaZ , and blal and blaRl 
transcriptionally linked with P bIaJW . In a particular 
embodiment, the strain contains a DNA construct which 
includes the P3 promoter from the agr locus of 
Staphylococcus aureus, transcriptionally linked with the 

3 0 hld/RNAIII gene from the same locus, and including a lacO 
site. Binding of a lac repressor molecule to the lacO 
site blocks expression of the Md/RNAIII gene. 

Other features and advantages of the invention will 
be apparent from the following description of the 

35 preferred embodiments thereof, and from the claims. 
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Brief DP.cr-ript- jon nf tha Ficmrpg 

Fig. i illustrates the use of an in vivo switch to 
mimic the action of an inhibitor of a pathogenesis gene 
which m this illustration is agr. ' 
5 Fig. 2 illustrates' the working of the in vivo switch 

controlling expression of the hld/RNAIIl gene in a rodent 
infection model. 

Fig. 3 schematically shows the control of expression 
of hi d/RNAIIl based on an exemplary selection of DNA 
10 constructs and regulatory systems, specifically the Ma 
and lac regulatory systems. The "inducer" is a switching 
compound which causes bla repressor to be released from 
its binding site, allowing expression of lac repressor 
which then blocks expression of hld/RNAIIl. 
15 f Fig - 4 sche ^tically depicts DNA constructs suitable 
for the in vivo switch system shown in Figs. 2 and 3 
These include the hld/RNAIIl gene from Staphylococcus 
aureus with its normal promoter, P 3 , but also including a 

ac operator site. A l so included are ^ cod±ng 
for the bla signal receptor and bla repressor, and the bla 
promoter transcriptionally l in ked with a coding sequence 
for lac repressor. 

Fig. 5 illustrates the construction of a DNA 
construct containing P3 , lacO, and the hW/nam cod™ 

25 sequence. y 

Fig- 6 illustrates the construction of a DNA 
construct containing P tJ , z transcriptionally linked with 
lad. and also containing the divergent promoter P w 

Fl9 ' 7 illust «"3 the construction of a"' DNA 
30 construct in which the coding sequences for MaKl and Wax 
are linked with the construct from Fig. 6. 

Fig. 8 schematically depicts an embodiment of an lB 

can independently cause a change in the level of 
inscription of a test gene. The switching compounds in 

Zlr ITT tSmii ™ - «» CHAP. 

Erther of these compounds can cause the expression of the 
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lac repressor, thereby causing the expression of the 
hld/RNAIII gene to be switched off. 

Detailed Description of the Preferred Embodiments 
I . General Description of the Methods 
5 As was described in the Summary above, this invention 

provides methods for evaluating putative pathogenesis and 
essential genes as possible targets for antimicrobial 
treatment by mimicking the effects of agents which 
directly or indirectly affect the level of activity of the 

10 expression product of such a gene. Frequently, these 
methods are used to model the effect of an inhibitor of 
the gene product . 

In certain preferred embodiments, these methods 
generally involve contacting a microbe having an 

15 artificially-created genetic alteration with a 
concentration of a molecule which causes a change in the 
level of production of a second molecule, which alters the 
level of activity of a product of a specific coding 
region. Also in certain preferred embodiments, the 

20 methods use recombinant microbes which contain one or more 
DNA constructs, such that the expression of a test gene 
can be switched by an artificial change in the environment 
of the microbe . An appropriate change for many 

embodiments is the addition or removal of a switching 

25 compound in the extracellular environment of the microbe. 
As is further indicated below, genetic switches which 
respond to a change in the presence of a switching 
compound can be designed in a variety of ways. One such 
design of a useful switch is described for use in 

30 Staphylococcus .aureus. In these recombinant microbes, at 
least one DNA construct has been inserted; that construct 
contains a coding region of a test gene. (A test gene is 
a gene which is being evaluated, or is desired to be 
evaluated, as a potential target for antimicrobial 

35 therapy.) The expression of this test gene is either 
directly or indirectly altered (switched) by the presence 
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5 



of the switching compound. m certain 

evel c £ expression o£ that gene is ^ ^ 

he no raal cellular mechanise of the microbe (.. Z £ 
embodiment exemplified), typlcally im 

construct including the cest gen£ J » ^ th. 

Procter no» lly assoclated „ ith - ^ 

h T r r lat t on , is noc essenciai to the 

The centre! ever the expressien state may also be 

n ::L usin9 „ ° ther twes - ° th - -J tions 

constructs. One example is the insertion of specific 
"I 7 re91 ° nS " ""Orally control the exp^ 

of an endogenous, chromosomally- located gene 

The ability to switch the level of activity of a 

:;u f a test gane us by «« 

state) makes possible the evaluation of the effect of such 

a switch in vivo <in a microbial infection, . Ia cer 

of the claimed methods = ^ • n 

mennods, a recombinant microbe 
generally described above, is used to infect a «T " 
an appropriate time or ti.es, the expression of the tes 
gene is switched by changing the presence of a switch Z 

-pound and the effect on the infection o r 
Physiological condition of fk . , 
(Oenerallv m, . mammal ls evaluated. 

(Generally the change in the presence of a switchino 

~ iS « Production of that compound, 
administration to the infected mammal. * 
cases, the change may be a removal or a decree in Z 
concentration e t the switching compound, If Z wi 
of the expression of the test gene produces a c h a „ ge n 

t " re" 1011 " ^ C ° ndiUOn °* ^ ^ 

r r9et £or — — 

below ) This ' lnIeCti ° n m ° delS are d ««lbed 

Below.) This is particularly clear if switching off th 
expression of the test „„„ , lcc ning off the 

decrease in th ! reSUltS " 3 si 9»"icant 

action of T 3 S " iCCh iS 

action of an i nhibitor Q£ che cest ^ 9 
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products with a possible microcidal effect. However, it 
should be clear that a demonstration of other effects can 
also be useful for evaluating potential antimicrobial 
targets. 

5 Though the discussion above has primarily described 

the evaluation of genes from pathogens of mammals, it 
should be understood that it is also desirable to treat 
microbial infections of some other organisms, specifically 
including plants. The frequent problems of fungal 

10 infections of food crops has led to the widespread use of 
fungicides for both active treatment of fungal disease, as 
well prophylacticly . Therefore, the methods of this 
invention are appropriate and useful for evaluating genes 
of plant pathogens as targets for antimicrobial treatment 

15 in similar manner as described for pathogens of mammals. 
However, these methods are not limited to mammals and 
plants, but are applicable to pathogens of many different 
types of organisms. For pathogens of many non-human 
organisms, the methods do not require the use of infection 

20 models, since the actual infection can be economically and 
reliably used. 

While many of the better-known pathogens appropriate 
for use in the claimed methods are bacteria whose 
molecular biology is currently reasonably well-known, it 

25 should be recognized that other microbes can also be used. 
Such use of other microbes can be of several types, 
including other bacterial species, viruses, yeast, fungi, 
and protozoans. Organisms which can be properly cultured 
and whose genes can be suitably manipulated by molecular 

30 biology techniques can be utilized in these methods in a 
manner very similar to the bacteria exemplified. 

However, even microbes which are very difficult to 
culture or to use for recombinant techniques can be used 
as a source of test genes. Such test genes can then be 

35 inserted into a different microbe which is more amenable 
to manipulation. Thus, for example, genes whose products 
are suspected of contributing to tissue damage during 
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infection by a specific difficult to culture micro be can 
be inserted lnto a bacterium which can be read » 
and manipulated. The differential . f£ J o£ ^ 
expression G f chat heCerolQgous cm ^ ^ 

in an infection model Qf ^ ba 

ZZllZ% even though a specific microbe 

6 . M thS in *«">* aerobe in the methods 

o h r en r n ' 9SneS aSSOCia " d WiCh ^hogenesis 
that specific microbe may .till be incorporated in DNA 
10 constructs and evaluated as targets. 

11 ' Microbial strain s.].,n„ n 

Microbial strains are generally chosen for 

herein, because of their ability to cause significant 
15 disease in mammals ,or other host organism of interest, 
The organism for study can be selected from all mi crobial 
P hogens, e.g., ba cteria. However, additional factors 
affect the convenience of utilizing a specific species or 
strain, and so affect the choice of organise. (Bota tnat 

lffi 0 cuT t mSm ^ StU1 ^ SeleCCSd «™ 
difficulties in preparation or use under see 

circumstances. For pypmni o - 

selected for use 22 f " ^ ** 

difficult., ^ 9eMtiC ™^tion is 

25 To allow for convenient evaluation of the effect of 

expression and alteration of expression of a test gene it 
is preferable that a weH-characterized infection model 
for the specific microbe is available. The infection 
.ode! should be such that a researcher can distingu „ 

30 between the development of the pathogenic state and he 
failure to develop or continue the pathogenic state The 
primary criterion for section of an infection mode! is 
the ability of the model to ,i»ic the pathogenic proces 
m the organism, s, which are expected to be treated for 

35 infections by that microbe. 
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Since the microbe is to be used to evaluate the 
effects of a change in the level of activity of a product, 
of a test gene, such as the effects of a switch of the 
expression of a test gene, it is in many embodiments 
5 highly preferable, but not essential, that the microbe not 
contain an active copy of the test gene other than the 
test copy. Thus, the microbial strain used preferably is 
one in which the normal copy of the test gene has been 
inactivated or removed. Such inactivation of the normal 

10 copy of the gene can occur by any of a variety of 
different mechanisms. (For examples see Example 2 below.) 
Of course, in some alternative switch designs, such as one 
in which an artificially-controllable promoter is inserted 
in a chromosome, thereby allowing switching of an 

15 endogenous gene, the endogenous gene should not be 
inactivated. 

In addition, the microbial strain should preferably 
be amenable to manipulation using molecular biological 
methods, and putative pathogenesis or essential genes 

20 (test genes) must be available for testing. In most 
cases, this implies that the test gene will need to be 
isolated for further manipulation. Such manipulation 
generally comprise the construction of one or more DNA 
constructs which include a significant portion of the test 

25 gene, but may comprise other processes such as single base 
changes of DNA sequences. Likewise, the microbial strain 
which is used in the animal, or other, infection model is 
preferably one in which a recombinant DNA construct can be 
introduced into the microbial cell. 

30 Once an appropriate strain is selected, it is 

possible to create a set of receptor strains derived from 
the initial strain which provide a "cellular cassette 
system" for test genes. Such receptor strains are 
particularly useful since they provide a convenient means 

35 to provide strains to test a variety of different test 
genes, or to test genes which can be switched using a 
variety of different environmental changes, since the new 
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equences can be inc Prho j 

inserted more readily than if 
constructs, insertion sites an rf/ 

for each t^t- ^ vectors were created 

each test. Thus, each derivative strain can contain 

5 :es S t P T iC Pr0m0t6r 3 i-ertion s 

a complete ^/^iT^^r?^^ 

receptor strains facilitates i • 

targets. ^ evaluatl ™ of potential 

10 h ^ ° f Select ion factors appropriate for 

choosing a microbe to use as a ™™ k- ppro P riat e for 

recombinant microbe in the 
^ switch methodology of this invpnh ' • , 
for a h a „«-- • invention is described 

tor a bacterium, Staphylococcus aureus in p 
below. It should be noted, however th ' the ' 
» r in described, while appropriate ft^ r «Tn 
no manner l imitlng to the ^ 

:i:ir at ; ly be seiected ' and ° th - *™ ^z:; t : 

ct°ed ™°™ ~ «n be selected o 
constructed using standard ' technioues n f n 
20 biology. tecnniques of molecular 

Example i • cplprHnr, c ~ 
Staph Wn^ otr ' cn .Q a „r C , r ^ 

One bacterial species selected f or examination ■ 
Staphylococcus aureus. This bacterium e * aminatl ° n 15 
25 of its status „ bacterium is chosen because 

st atus as a common, but often difficult- ^ - 
microbial pathoqen <? », u ai "icult to treat, 

be resistant to " aCqUired abilit y to 

adapted w n to UT.V' antibl ° tlCS ' "* ^ 

ability to persist " a " 

^ vcx^isu m a carrier ct-a*-^ /_ 

3° P-sages of health care " the 

»ly giycopepti.es (vancomy S in Me 

are ™ ended as reasona - t - 

This organism is genetically tractable, oapable of 
manipulation through the use of genetic and . k 
15 technologies. The molecular w , recombinant 

the pathogenesis of this ^ ^ * 1 — at ' ° f 

t- 3 nesis of this gram-positive species »™ 

relatively well-characteri 2 e d . The genetic tractllitv 
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and the partial characterization of the pathogenesis of S. 
aureus means that both known pathogenesis genes as well as 
test genes can be isolated and manipulated by well known 
molecular biology techniques. In addition, DNA constructs 

5 can be re -introduced ; into Staphylococcus aureus by 
currently available methods, including both chemical 
treatment of cells to induce competence, as well as 
introduction of DNA constructs by electroporation . 
S. aureus is a classic representative of the eubacteria, 

0 and understanding more about its ability to cause disease 
will clearly provide a significant foundation for 
understanding other bacteria. 

Thus, the criteria for choosing S. aureus as an 
example of a appropriate recombinant microbe include: 

5 (1) ability to cause significant and common human disease; 
(2) genetic accessibility; and (3) representative 
character (for extension to other microbes) . 

However, within a microbial species certain strain 
characteristics can be significant. The in vivo switch 

0 provides the capability to artificially control the 
expression of a test gene with a small molecule switching 
compound. The recombinant construction that effects this 
control is preferably introduced into a mutant strain that 
lacks expression of active product from that gene (test 

5 gene or natural homolog) apart from the control of the in 
vivo switch. This allows the sole expression of the test 
gene from the recombinant construction. 

Staphylococcus aureus , as found in wild-type clinical 
isolates, often carries extrachromosomal genetic elements 

0 (both plasmids and transposons) . The use of such strains 
would complicate the analysis of the results of testing, 
as insertions into the chromosome, or the existence of 
extrachromosomal elements, is variable within clinical 
isolates. Hence, a strain devoid of extrachromosomal 

5 elements is desirable for prototypic study. 

Strain 8325-4 is such a strain. Genetic mapping has 
been done on the strain; it is thought to be devoid of 
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transposes, plBmid3 and phage . Howe 

to be otherwise representative of s . aureus . , V<Sd 
switch controlling expression of the ^.^Z ZZ 

:^r/s 2 r; n c ;r;; r: s r n — 

• cac ^ (S. Arvidson et al ch in 

" M0LECDLM BI0L ° CT ° F ™* STAPHYLOCOCCI R p 
~, ed., VCH, Kew v ork , New Yor ^ 19so) _ ^'^^ 



a , 1Wi,v -' -L^su . The WA4n 

Agr phenotype is resdilv n 

lly complemented by an extra 

chromosomal copy of the ^ ^ ■ extra- 

10 l-Pstl 2149 tL \ f , 91 ° n SPannin9 89111 

al „ ^ int8nded recombinant construction is 

also expected to fully complement ^ 

mutant strain. Other such strains are available. 
111 ■ Select-inn of T^„ >ed Cenea 

Two general types of putative pathogenesis genes are 
1S ° lated int ° ^ ^ch construct. First are ^ 
suspected of heing involved in m ic rob ial pathogen 
The e genes are identified using a variety of techniques 
including the following app.oaches. (1) Some pethogen^ s 
3 enes are identified by revising the literature. (2 A 
20 second gr oup is identified by using techniques „h ch 
select gene S which are expressed or essential sptcifica v 
during infection. Such techniques include b ut ar e not 

e ' iyy2, Science 257-967-971^ xie* 
ocuu-t. ^-^/-^o/^/i; differential 

2S h yb r ldlzati on ,T. Sargent. 19 „. Meth . Enz . 152:423 - 432 
or IVET <Xn vivo Expression Technology, (J . Me.alanos! 
1393. Bacterid. 17<!l . 7) . In each 

techniques, cells are g ro ™ either in ani.als or und r 

so ; s which mimic ^ * ^° ^itz 

In : de are b uT° nly aC " P " d " ™ imiCS ° f ^ *~ 
include b ut are not United to. iron deprivation late 

xponential ,vs. exponential, growth, conditions of Ug n 

i*i ation and other for ms o, nutrient ligation. 7' I 

third group of pathogenesis genes is identifie b y 

specific genes have be en interfered „i th (m ^ 
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nonfunctional or differentially functional) . Using animal 
models such as described below in In vivo evaluation of 
microbial virulence and pathogenicity , lack of virulence 
in such models serves to identify potential pathogenesis 
5 genes. (4) It is becoming more commonly accepted that in 
bacteria, individual pathogenesis genes may reside near 
other genes which share similar functions. Such clusters 
of genes involved in pathogenesis have come to be known as 
"pathogenesis islands". Pathogenesis islands clearly 

10 exist in enteric bacilli such as Salmonella. (E . A. 
Groisman, 1993, EMBO J. 12:3 779-37787; Galan & Curtiss, 
1989, PNAS 86:6383-6387.) Using the assumption that an 
identified pathogenesis gene may have neighbors which are 
also important in pathogenesis, genes neighboring 

15 identified pathogenesis genes are also chosen for 
inclusion in switch experiments. Thus, even genes showing 
no homology or very little homology to studied genes are 
chosen for study using the switch based on their locations 
within the genome (having pathogenesis gene neighbors). 

20 (5) Genes which are essential for microbial growth or 
survival in vivo are also utilized. The expression of 
these genes is required in vivo, but not in vitro. 

A second major collection of genes which is studied 
using the in vivo switch is so-called "essential genes". 

25 Essential genes are described as genes which, if not 
present in a functional state, result in the death of the 
microbe. Such genes can be identified by a variety of 
techniques, (S.J. Austin et al . , 1971, Nature 232: 133- 
136; P. Schedl & P. Primakoff, 1973, Proc. Natl. Acad. 

30 Sci. 70: 2091-2095; CM. Joyce & N.D.F. Grindley, 1984, J. 
Bacteriol . 158: 636-643) but one straightforward and 
proven method is through the use of temperature sensitive 
mutants. Mutants, created for example by exposure to 
mutagenic chemicals, are selected for their ability to 

35 grow at a permissive temperature, but not a non-permissive 
temperature. It has been demonstrated in some cases, and 
is widely accepted, that such mutants have changes in 
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cneir DNA which makes the mutate 

differentially active at th. ™L ^ products 

example, a JLJZLT*^'^^ ^" or 

centre. The dysWtion 7^11 * 

enzyme brought about by the mutaM „„ ■ Cnan 9 es ™ the 

an event if th„ station m the DNA. i„ such 

for the aMl t fUnCti ° n <«» nti.1, 

gl« (for thoJ 9r °"' "* taVe identi£iSd - ••«»«. 
gene (tor those growth conditions) th^-*- 

.... «.„«„, of tl , ,„„„„„ „ » ~ 

the same quantitat- -i V c , . y e nas 

Hence, esslial ^Z^^Z.TL^ 

::::::::::n in ti h : r^r* ------ 

iiC essential qene " i C ^ ^ 
essential for the cell's vi,hn> a<=t ' 

-e expression o t suc^ ~ lil^;™"- 

an animal provides definitive' evidence for" 
nature of such genes during ' £ 

*>r an appreciation of the importance of L 11^ 
selected) essential gene. This all™* 

relevance of the gene as L ant • v ' lu «"<» of the 

therefore provides a basis for selection of 

genes to use for th= „ , seie ction of appropriate 

agent. development of an antimicrobial 

Genes identified as essential genes need not be 
Previously k nown, nor do ch£ o£ * - b. 

the functions of those products need to be ° 
genes My be known „ only . as °- The 

expression of which correlates with in vitro™ \ 
viability under the tested growth conditio^ ^ 

Pathol 11 " aPPr ° aCh t0 id «tifi« t ion of erther 

pathogenesis or essential gene targets is a "shot 
approach- . Whi le di£ferent mechods ^ " ^gu„ 

such .ethod is the integration o, an arUfT^n 
controHable promoter into the microbial ZllZT^. 
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(These techniques are most developed for bacteria, both 
Gram-positive and Gram-negative.) If inserted in the 
proper reading frame, the artificially controllable 
promoter can switch the expression of an endogenous gene, 
5 replacing the normal cellular control of the gene. This 
method is particularly appropriate for identifying genes 
whose expression is deleterious to the microbe in vivo r 
i.e. in an infection. Thus, a controllable promoter on a 
DNA integration vehicle (e.g., insertion sequence or 

10 transposon) can be inserted in the chromosomal DNA at a 
large number of sites. 

This allows the isolation of a large number of 
derivative strains; in each the expression of a gene can 
be artificially controlled. Artificial control over the 

15 expression of a random set of genes then allows 
determination of the effects of those gene products on the 
progression of an infection. (This shotgun approach does 
not rely on any prior knowledge of the probable function 
of a gene . ) 

20 In summary, both pathogenesis genes and essential 

genes are placed in the artificially-controllable system. 
ORF's identified as neighbors of identified pathogenesis 
genes or identified as essential genes are included. 
Pathogenesis and essential genes which are identified from 

25 the literature are also included as are genes which 
enhance virulence (as identified in animal modeling) . 
Further, differentially expressed genes (genes which are 
expressed specifically during infection) are also 
candidates for examination in the switch model. 

3 0 Alternatively, in the shotgun approach using 
chromosomally- inserted promoters, a random set of genes 
can be evaluated. 

In addition to the evaluation of a single test gene, 
this invention also allows (and the claims include) 

35 evaluation of a set of genes together. For example, a 
linked set of genes, such as an operon with multiple open 
reading frames can be evaluated by placing the level of 
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activity of all the coding sequences under the same 
control, such as transcriptional control. As another 
possibility, a set of unlinked genes can be subjected to 
the same control. This can be accomplished, for example 
by using the same type of operator site with each coding 
sequence to bind a single type of repressor, allowing all 
the test genes to be turned off at essentially the same 
time . 

For the microbe described in Example 1 above 
Staphylococcus aureus, a number of pathogenesis genes are 
currently known. These known genes provide examples of 
genes which are appropriate to evaluate as targets using 
the m vivo switch methodology, an d some are further 
described in Example 2 below. 
15 Example ?,, Staphyl oma , u r ev, p^w^ ^ 

For Staphylococcus aureus, a number of pathogenesis 
genes are known. These known genes include agr^, agrB 
agr-RNAIIl, *pr, and sar. Of these genes, several are 
part of the agr locus, which is a complex, polycistronic 
20 locus which controls the production of most cell toxins 
and many cell wall-associated proteins. The biosynthesis 
of these gene products involves both positive and negative 
regulation. The agr locus contains two divergent 
promoters, P2 and P3 , which are strongly induced during 
25 post-exponential growth. Promoter P3 directs the 

synthesis of a 514 nt transcript RNAIII which contains the 
hid (delta-lysin) open reading frame. Recent evidence 
indicates that the RNAIII molecule, in addition to 
encoding delta-lysin, also encodes the agr-s P ecific 
regulator, since the loss of RNAIII production results in 
altered regulation of exoprotein virulence factors. The 
gene expression regulated by RNAIII involves virulence 
factors which are up-regulated, as well as virulence 
factors which are down- regulated. 
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IV. Inactivation of Endogenous Copy of Test Gene 

In many embodiments in which a test gene coding 
region has been inserted in a microbe, expression of an 
endogenous gene corresponding to the test gene would 
5 interfere with the evaluation of the test gene. 
Therefore, in those embodiments, it is preferable that the 
endogenous gene is inactivated. Such inactivation can be 
achieved in various ways. Examples of such inactivation 
mechanisms are, e.g., insertional disruption of function 

10 (such as with a transposon or other insertion sequence) / 
by an insertion/deletion (in which DNA has been replaced 
with inserted DNA) ; or by a spontaneous or induced 
mutation in the test gene (such as by chemically or uv- 
induced mutagenesis) . 

15 A specific example of gene inactivation using 

recombinant DNA methods is allelic replacement. In 
allelic replacement, the native chromosomal allele of a 
given gene is replaced, using host cell general 
recombination factors, with a- nonfunctional gene copy. 

20 Nonfunctional alleles of a given gene are created in vitro 
by insertion/ disruption or insertion/ deletion within the 
open reading frame of a test gene. The insertion sequence 
contains both the promoter and coding region for a drug 
resistance marker (eg. for tetracycline, tetM; for 

25 chloramphenicol, cat-86; for erythromycin, ermC) , thus 
enabling in vivo selection for gene replacement by 
acquisition of drug resistance. Examples of the 

application of this method in S. aureus are: 

a) toxic shock syndrome toxin gene (tst) : Sloane et 
30 al., 1991, FEMS Microbiology Letters 78: 239-244. 

b) accessory gene regulator locus (agr) : Novick et 
al., 1993, EMBO J. 12: 3967-3975. 

c) delta hemolysin gene (hld/RNAIII) : Janzon and 
Arvidson, 1990, EMBO J. 9: 1391-1399. 
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control. They are switched on and off i„ 
a conservative fashion, being transcribed when tne 
Products are needed, and not transcribed or tranced a 
a lower !evel when the products are not needed u 
regulation is advantageous for a number of reasons 
including reducing unproductive energy usage by Z g 
the synthesis of unneeded moiecules, and reducing thl 
competition between conflicting cellular processes 

While transcriptional control is an ~ , 
mechanism, regulation of the leve! of activ ty 
Product in aerobes can occur through a "variety 96 :; 

r^criT e :rr re9uiacion ° f - ~- " 

adscripts, or the intracellular lonqevitv of r-h 
of the abiUtv to translate the mRHA into protei! 

and/or of the intracellular stability of the protein 
Each species uses so,e or aU of these onanism or 
regulating the level of activitv of 

r • activity of gene products 

Likewise, each of these mechanisms can be used as the 
basis of an in vivo switch, as disclosed herein to 
control the level of activity of the product o a te « 

ne. certain preferred embodiments of the methods 
this invention achieves gene regulation by control ove 
^thesis of the mRNA, i.e., over transcription 

the s'yntne 01 ^ ^ °' ^ " — P^hed by 

the synthesis of regulatory proteins that serve to m J 
the DNA template more or i e 
„„-, or less accessible to the RNA 

polymerase en 2ym e . The study of transcriptional control 
mic e especially in bacteria ^ a ^o 

general features of the molecular mechanisms underlying 
transcriptional control in bacteria „ a k lyl ° g 
continuous investigation = ■ u " haV9 been under 

investigation since the early 19 60s . Summaries 
°£ this work can be found in any undergraduate textbook " 
molecular biology ,see e.g., Wa tson, et a!., 
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Biology of the Gene ) . In particular, note that the 
definitions of the terms "operator", "promoter", 
"repressor protein", and "inducer protein" can be found in 
those textbooks. (The description immediately below is 
5 not intended to be comprehensive, and generally discusses 
bacterial gene regulation. It should be recognized that 
different microbial groups may have features of gene 
regulation unique to each group, and indeed, each species 
with a group may have unique elements. Nonetheless, major 

10 elements of the process are common to all the microbes.) 

Regulatory proteins modify the ability of RNA 
polymerase to synthesize the mRNA of one or more 
physiologically related genes. They accomplish this task 
by physically binding to the DNA in the vicinity of the 

15 promoter site, at which RNA polymerase binds and initiates 
synthesis of the mRNA. When a regulatory protein binds 
and prevents or reduces the ability of RNA polymerase to 
synthesize a mRNA, it is called a repressor protein. The 
binding of the repressor protein to the DNA occurs at a 

20 site at which the repressor protein has a particularly 
high affinity. This high affinity is achieved through the 
interaction ' of the protein with the specific sequence of 
nucleic acid base pairs in the DNA duplex, typically 
through a combination of H-bonding, van der Waals 

25 interactions, hydrophobic interactions, and ionic 
interactions. This binding site, called the operator site 
(which is generally 8-30 bp), is specific for each 
different repressor protein. Likewise, there are 

regulatory proteins, inducers, that bind to a specific DNA 

30 sequence of base pairs that induce RNA polymerase to 
synthesize a mRNA transcript. 

The DNA-binding activity of repressor proteins and 
inducer proteins is regulated in response to changes in 
the bacterial cell physiology. In many cases, small 

35 molecules (such as cANP, sugars and other metabolites) 
bind to the regulatory protein causing an altered affinity 
of the regulatory protein for the DNA. 
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The sensing mechanisms which stimulate the induction 

*i7L:rjzz: s s r 11 ftom che ° utside — 

^ „• v. sen sors can create responses from the 

S microbe to diverse stimuli, deluding presence of speci ic 

I riEntS ' ^ ° £ " Utri -". -t.l. and corac o 

the presence o£ antibiotics and changes in the external 
environment. ln this lasc case , examples ^^/^ 

m temperature (<? a i-^*- u , <-"eiuges 
in : ShOCk genes) and gases (e a 

::i:: -are T :het:;:r ied prototwic Ji ™ 

resistance o peron . ^ ^ 

Cinclu^T ° f 3PPrOPriate «9ul"«y -fences 
(including those providing environmental sensor function) 

1= to use m the methods of this invention depends on 
number of considerations. An approach to 
sequence selection with some of its a JT Tl 
considerations is described in ,., through, 

(a) A promoter is required that will regulate the 

20 expression of the test gene. In the exemplified stratel 

s ? ch has been d — ■ - ; 

Z is no 1 " intr ° dUCed anlma1 ' » d 

gene is no longer expressed. 

25 amall A Pr ° m0ter iS plated to turn-off when a 

^ . and this level 7^2^ ZZZ?^ 

30 cJnr^rthTratutr ™ - — 

cne natural promoter of the t?^ 

IntiarT" ° f naCUral — 

with th n e m t a e n s y t C g a e S ;e S ' 3 ™" * 

the test gene, and m some cases the use of an 

hterologous promoter wlu fae 

luatmg a test gene from an organism other than th. 
Meeting organism, particularly i„ those cases wh^I 
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normal control of transcription relies on a number of 
additional components . 

(c) Regulation of the natural promoter of the test 
gene can be accomplished by introducing a negative 
5 regulatory element in cis to the test gene and promoter, 
in such a position and orientation that a trans-acting 
negative regulatory protein can prevent expression. An 
example of such a cis/ trans regulatory pair is the lacO 
operator site and the lac repressor protein. (Amann, et 

10 al., 1983, Gene, 25: 167-178; Makoff and Oxer, 1991, Nucl . 
Acid Res. 19: 2417-2421). Other examples of negative 
regulatory pairs are the tet operator/ tet repressor; the 
lambda cl repressor/lambda 0 L operator; (Bernard, et al . , 
1979, Gene 5: 59-76; Mott, et al . , 1985, Proc Natl . Acad. 

15 Sci (USA) 82: 88-92); trp repressor/ trp operator (Latta, 
et al., 1990, DNA & Cell Biol. 9: 129-137); argR 
repressor / arg operator (Lim, et al . , 1987, Proc. Natl. 
Acad. Sci. USA 84: 6697-6701); lexA repressor / boxA 
operator site (Kenyon, et al.,- 1982, J. Mol . Biol. 160: 

20 445-457); the bla repressor /bla operator (Novick, et al . , 
1991, EMBO J.). There are many others. The 

operator/repressor pairs need not originate in the 
pathogen under investigation, since many studies have 
shown that effective regulation can occur independent of 

25 the species of origin of the regulators. In a specific 
embodiment described herein, the E. coli lac operator / lac 
repressor regulatory system can be used to control the 
expression of the agr-related hld/RNAIII gene of 
S. aureus. 

30 (d) In order to achieve regulation of the test gene 

that has been placed under artificial control of a 
negative regulatory system, artificial control of the 
trans-acting repressor is required. A preferred strategy 
is to control expression of the repressor protein. The 

35 repressor protein should be synthesized in response to 
addition of a small molecule to the animal. This can be 
achieved by a promoter that is turned on by the addition 
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of a small molecule switching compound 
are e ther posltlve activatQrSi in 

~ ecule m ak es . trans-acting factor allo „ ™ 
fro™ a promoter, or by a negative mechanism, in which t ° e 
S -U molecule makes a trans-acting represSQr 
longer capable of binding to its operator ^ 
serous espies of positive and negative * * 

Several negative r egulator system were listed in " " 
positive acting systems include the a ctiv a tion D f 
10 romo by che Cflp proteln in presence Qf n 

the activation of the ara promoter by arac protein in the 
Presence of arabinose . The coupling of these artific 
regulatory constructions allows a , 1Ilc ial 

a small molecul t-^ 
control the exD»«inn „ t lc to 

15 controls i-h„ . regulatory protein that 

controls the expression of the test gene m „„ „ , 
described herein aSl»^= example 
of a Jar ^-lactamase system controls expression 

I th . L "nd the test gene is linked 

ba Lia! T"" ^ CiS ' There£ ° re ' * 

20 K " lal CaU =°«aini„g this system to the non- 

20 ntiblotic ,-lactam CBAP causes the ,-lactamase repressor 
- be released, resulting in the expression of the 
repressor, blocking transcription of the test gene 

(e) A different strategy is to regulate expression 
by an inversion mechanise There are several exZpl " 
25 site-specific inversions that occur in which the inv t 
segment includes a promoter. The expression of a test 
117 " °" ln ™ -Mutation of the promoter, and off in 
the other orientation of the promoter. The inversion is 

30 :™ bY 3 Sit — £i = enzyme, contr 

clntroll^" 10 " ^ 961,8 iS —Pushed by 

con roll ng expression of the recombinase enzyme by I 

mall molecule switching compound, such as described in 

(O and ,d, . Addition of the small molecule results n 

expression of the recombinase enzyme, which shtts o f 

are tnp* resolvase-mediated inversion of T0 - res sequence! 
COU P1Cr '- 10 * W. ion . and bacteri^hag " 
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Int -mediated inversion of att sequences. (Podhajaska et 
al., 1985, Gene 40: 163-168.) 

Another strategy involves antisense RNA. Numerous 
genes in prokaryotes are regulated by antisense RNA 

5 (Simons and Kleckner, 19.88, Ann. Rev. Genet. 22:567-600; 
Wagner and Simons, 1994, Ann. Rev. Micorbiol . 48:713-742) . 
The expression of a test gene is down regulated by 
induction of an antisense RNA complementary to the test 
gene transcript. Expression of the antisense RNA can be 

0 accomplished by a small molecule inducer system such as 
described in (c) and (g) . Alternatively, in an approach 
independent of production of a regulatory molecule by the 
microbial cell, antisense oligonucleotides can be 
administered which are chemically modified to provide 

5 increased biological stability, but which can bind to a 
test gene transcript to down regulate expression. 
(Uhlmann & Peyman, 1990, Chen?. Rev. 90:544-584.) 

Yet another strategy is to utilize ribozymes to 
control expression by cleaving the mRNA transcribed from 

D the test gene. A sequence (s) coding for a ribozyme can be 
introduced into a microbe such that expression of the 
ribozyme (s) 'is induced by addition of a small molecule 
(such as the tetracycline of /3-lactamase- inducible 
promoters) . In this system, expression of the ribozymes 

5 would be off until the small molecule (switching compound) 
is added. The presence of the ribozymes then reduces 
expression of the test gene. Alternatively, ribozymes may 
be utilized by administering modified ribozymes which are 
more stable than RNA ribozymes in a form which can be 

) taken up by the microbe. (Eckstein et al . , 1992, PCT 
Application PCT/EP91/01811 , Int. Publ . No. WO92/07065.) 
In this case, the ribozymes can act directly on the test 
gene message. 

(f) The promoter must respond in its expression to 
5 a small molecule that retains bioavailability in the 
relevant tissue of fluid in the animal model. The best 
promoters have normal expression of the test gene in the 
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absence of the small molecule, and a complete cessation of 

(9) The best sman molecules to regulate the 
promoter expression are those that have well-defined 
Pharmacodynamics. such well-defined pharmacodynamics 

alone (there should be very litUe effect, such as growth 
inhibition at the doses used,. In addition the 
Pharmacodynamic information assures that the necessary 
concentrations of the small molecule are achieved in tZ 
tissue under investigation in the animal model, so that 

ablv IT" " aPPrDpriaCe1 ^ -gulated. As discussed 
above, different compounds will distribute differently 
and have different tropism and clearance characteristics 
xn various tissues, so that the effective concentration of 
the compound at a specific infection site will vary Due 
to these variable properties, the temporal behavior of 
various switching compounds will differ, with accompanying 
differences in the control of the level of activity of a 
gene Some, such compounds are known among the inactive 
(or low activity, analogs of known antibiotics. For these 
compounds, the pharmacodynamics of the class of compounds 
has been previously investigated, but the inactive analog 
does not have significant antimicrobial activity to 
complicate the evaluation of targets. m addition^ the 
use of different switching compounds which have varying 
access to different tissues can provide additional 
information on the suitability of a target in relation to 
dissemination of the infection, and of microbial load in 
the different tissues. m certain cases, a range of 
switching compounds can be used with one coding region 
(and With appropriate regulatory components) in order to 
evaluate the effects nf 

Hl - 0 , . errects of the different switching compound 

distributions in a sinale sv 5 t em T F 
.„ , . single system, m general, however, a 

switching compound should be chosen which has 
Pharmacodynamic properties appropriate for use with a 
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specific test gene and infection model. For example, the 
switching compound must distribute to the infection site . 
with sufficient concentration and half-life to effectively 
switch the level of activity of the gene. 

VI . Genetic Methods and DNA Constructs 

For use in evaluating a putative pathogenesis or 
essential gene, one or more DNA constructs are made and 
inserted in a test microbe (e.g., Staphylococcus aureus). 
The methods for performing these steps are well-known in 
the art, and can be selected or modified from those 
described in such standard references as Sambrook et al . , 
MOLECULAR CLONING, 2nd ed. (198 9) . 

Typically, but not necessarily, two constructs are 
made. In one class of embodiment of this invention, the 
first construct contains a regulatory region which is 
controlled by the presence or absence of a small molecule, 
transcriptionally linked with a coding region for a signal 
molecule which can control the expression of the second 
construct. The second construct includes a regulatory 
region which is controlled by the normal mechanisms of the 
cell, an operator region which is controlled by the 
product of the coding region of the first construct, and 
the coding region of a test gene. 

While the paragraph above generally describes the 
constructs for one class of embodiment, it does not 
describe all the useful designs. It is only necessary 
that the level of activity of the product of a test gene 
can be switched (as by switching expression) in response 
to the addition or removal of a switching compound or 
other appropriate environmental change. However, as 
previously indicated, in many situations it is 
advantageous for the level of expression of the test gene 
to be under the normal control of the microbial cell when 
the expression state is on. 

The example below provides a description of one 
preferred embodiment of DNA construct design for 
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Staphylococcus aureus, but should not be regarded as 
limi i„g even t or this species. „ ith these constructs the 
" U m ° leCUle ™ !» Penicillin derivative with we n 
taown pharmacodynamics, causes the W « repressor protein 
5 to lose its affinity for the Ma operator site This 

blocks the expression of the agr-smxn molecule The 

•° 1 " ul « is ^™ for the pathogenesis of S 
aureus. (M. Richmond, 1967 , j. MoI . siol __ J6 . ^ ( S ' 

10 ins. eXamPle b6lOW d8SCribeS DNA struct, which are 
inserted into the bacterial chromosome, however 
chromosomal insertion is not necessary. Therefore in 
another preferred embodiment, the same switch components 
are used but only one construct is inserted in the 

15 chromosome. The P_- JacI fusion is ^ 
chromosome, and the P3-lacO- Ud/RMAIII and WaM . WaI 
sequences are placed in a plasmid which remains 
-dependent of the chromosome. *n advantage of thi 
embodiment is ease of construction, since plasm d 

20 insertions are generaliy simpler to accompiish than 
chromosomal insertions. Embodiments utilizing p la smids in 
this manner require that the plasmid by stable within the 
bacterial cells; if a specific plasmid is lost at an 

25 Z27* th6n eUher " or 

25 chromosomal insertion is preferable 

- aar locus 

1 • Construction of hvh-r-i h c 

nybnd s. aureus P3 -2ac0- RNAIli 
promoter (see Fig. 5) : 11 

30 (a) Subclone hid/ RNAIII 2149 bp fragment (PstI 

- Bglli, from P EX07 ; Janzon and Arvidson) into PstI 
sxte of pALTER-! ( Prornega) for oligonucleQtide 
mediated site-directed mutagenesis, 
(b) Anneal mutagenic oligonucleotide (PIVS5) to 
convert C1557 to G, creating unique Bglli site at 
position + 13 relative to Md transcription start 
point (tsp; = 1570) . 
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(c) Insert synthetic 21 bp core lacO 
oligonucleotide (PIVS6 + 7) at Bglll. 

(d) Select 3 lacO configurations: 1 oligo 
forward, 1 oligo reverse, and 3 tandem forward oligo 

5 insertions. 

(e) Transfer to Si aureus - E. coli shuttle 
vector pMP157, to create plasmids pMPswitch7/8/9 , 
respectively, and S. aureus integration vector pXX. 

2. Construction of inducible E. coli lad gene in S. 
0 aureus 

(a) Fuse S. aureus blaZ promoter CP blaZ ) to E. 
coli lacl coding sequence by polymerase chain 
reaction (PCR) ; transfer to S. aureus - E . coli 
shuttle vector pMPIG, to create plasmid pMPswitch3, 

5 and to S. aureus integration vector pXXX (see Fig. 

6) . 

(b) Subclone genes encoding beta- lactamase 
repressor (blal) and beta-lactamase signal receptor 
{blaRl} into pMPswitch3 , to create plasmid 

0 pMPswitch4, and to S. aureus integration vector pXXX 

(see Fig . 7 ) . 

3. Transfer plasmids containing P3 -lacO-RNAIII 
(pMPswitch7/8/9) , and bla I-blaRl-P blaZ - lacl (pMPswitch4) 
into S. aureus strain WA400 (8325-4 Ahld/RNAIII 252- 

5 1472 : : cat-86; Janzon and Arvidson) by electroporat ion . 

VII • In Vitro Evaluation of DNA Construct Function 

Once the DNA constructs have been made for a selected 
organism and test gene, it is useful to test the in vitro 
functioning of the regulation and expression of those 
0 constructs. Such verification of function avoids wasteful 
use of animals in infection studies, and as well can 
provide greater confidence in the results of evaluation of 
test genes using the constructs. 
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The exact function tests appropriate for a specific 
DM, construct or set of constructs win, of course de P Id 
on the specific switch design, as well as on the specif 
rectory seances, control molecules, and c^ ^ 
5 fences involved. However, the appropriate tests a"! 
irectiy impli e d by the switch ^ ^ «. 

d fic U Tt ropr r te testing is neither - 

10 7ZIT " amPU 3 ab ° Ve ' £ ° r — a 
Staphylococcus aureus strain, is described in Example 4 

Example 4- m v,>. T est is „ f m „ ^ . , 

In yrtro evaluation 

15 n. f , * bi ° Chemical ass ay for 2ac0 function is 

15 performed. A ael hand =kif . 

taoaed , „ f V ' em ^ lo y^5 labeled or 

tagged lacO oligonucleotide and extracts derived from 

ITT r;-— -ombinant - aureus containi: 

Lne v biaz-±acl construct is performed tv„= • • . 

pciiormea. The sensitivity of 
this method is sufficient to detect induced levels o 

1 , 1SVelS ° f ^ ^thesis are 

generally undetectable by this method 

25 not a T l h ter in t S he rti ° n ^ ^ ^ ™ P *°»°^ ™" 

not alter the appropriate regulation of the Wd/RK AIII 

transcript by the agr regulation system. The approprUt" 

induction of rnattt ^ • FV^upriate 
tested bv ^ P ° Stex P° ne "tial growth is 

tested by isolation of rna from recombinant strain 
-O.S-.co^n and subse.uent « blot hy bri di t n 
30 analysis to identify the RNAIII transcript. 

(3) Efficacy of "Off -Switch" in vitro- 
The effect of lac repressor induction on RNAIII 
accumulation in recombinant strain WA400 : P b2 a . IacI . blaT 

35 blT'n k , 11 U aSS6SSed in Ce " -^ure by RNA 

35 blot hybridation as „e!l as by various genetic Zl 
loc emical tests .hemolysin and Upase 'product! 
P3 -blaZ induction, etc.). 
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VI11 - In vivo evaluation of microbial virulence and 

pathogenicity 

After the genetic constructs have been placed into 
their host organisms, they are evaluated in an infection 
model system, e.g., in an animal, cell-based, or plant 
system. (References herein to the use of an animals or 
mammals should be understood to refer to particular 
embodiments of this invention. As mentioned above, other 
infection systems may be used for certain other 
embodiments, such as to evaluate possible antimicrobial 
targets of pathogens of organisms other than animals 
(e.g., plants), and to embodiments employing cell-based 
systems as surrogates for whole organism models.) The 
criteria for evaluation include the ability of the microbe 
15 to replicate (either with test gene expression "on" . or 
test gene expression "off"), the ability to produce 
specific exoproducts involved in virulence of the 
organism, and the ability to cause symptoms of disease in 
the animals. 

20 The infection models, e.g., animal infection models, 

are selected primarily on the basis of the ability of the 
model to mimic the natural pathogenic state of pathogen in 
an organism to be treated and to distinguish the effects 
produced by a change in the level of activity of a gene 
25 product (e.g., to a switch in the expression state of the 
gene) . Secondarily, the models are selected for 

efficiency, reproducibility, and cost containment. For 
mammal models, rodents, especially mice, rats, and 
rabbits, are generally the preferred species. 
Experimentalists have the greatest experience with these 
species. Manipulations are more convenient and amount of 
materials which are required are relatively small due to 
the size of the rodents. 

Each pathogenic microbe (e.g., bacterium) used in 
35 these methods will likely need to be examined using a 
variety of infection models in order to adequately 
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10 



15 



understand the importance of the function of a particular 

test gene. 

A number of animal models suitable for use with 
bacteria are described below. However, these models are 
only examples which are suitable for a variety of 
bacterial species; even for those bacterial species other 
models may be found to be superior, at least for some 
inserted genes and possibly for all. In addition, 
modifications of these models, or perhaps completely 
different animal models are appropriate with certain 
bacteria, as well as with species of other types of 
organisms, e.g., yeast, fungi, and protozoa. 

Six animal models are currently used with bacteria to 
appreciate the effects of switching on and off specific 
genes, and are briefly described below. 
Example 5: Mouse Soft- Tissue MnH 0 i 

The mouse soft tissue infection model is a sensitive 
and effective method for measurement of bacterial 
proliferation, m these models (Vogelman et al ., i 988 J 
infect. Dis. 157: 287-298) anesthetized mice are infected 
with the bacteria in the muscle of the hind thigh The 
mice can be either chemically immune compromised (e a 
Cytoxan treated at 125 m g/kg on days _ 4 , _ 2> and Q / ^ 
immunocompetent. The dose of microbe necessary to cause 
an infection is variable and depends on the individual 
microbe, but commonly is on the order of io 5 - 10 « colony 
forcing units per injection for bacteria. a variety of 
mouse strains are useful in this model although Swiss 
Webster and DBA2 lines are most commonly used Once 
3 0 infected the animals are conscious and show no overt ill 
effects of the infections for approximately 12 hours 
After that time virulent strains cause swelling of the 
thigh muscle, and the animals can become bacteremic within 
approximately 24 hours. This model most effectively 
35 measures proliferation of the microbe, and this 
proliferation is measured by sacrifice of the infected 
animal and counting colonies from homogenized thighs. 



20 
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Example 6: Diffusion Chamber Model 

A second model useful for assessing the virulence of 
microbes is the diffusion chamber model (Malouin et al . , 
1990, Infect. Immun. 58: 1247-1253; Doy et al . , 1980, J. 
5 Infect. Dis. 2: 39-51; Kelly et al . , 1989, Infect. Immun. 
57: 344-350. In this model rodents have a diffusion 
chamber surgically placed in the peritoneal cavity. The 
chamber consists of a polypropylene cylinder with 
semipermeable membranes covering the chamber ends. 

10 Diffusion of peritoneal fluid into and out of the chamber 
provides nutrients for the microbes. The progression of 
the "infection" can be followed by examining growth, the 
exoproduct production or RNA messages. The time 

experiments are done by sampling multiple chambers. 

15 Example 7: Endocarditis Model 

For bacteria, an important animal model effective in 
assessing pathogenicity and virulence is the endocarditis 
model (J. Santoro and M.E. Levinson, 1978, Infect. Immun. 
19: 915-918). A rat endocarditis model can be used to 

20 assess colonization, virulence and proliferation. The 
ability to - switch specific genes on and off has clear 
utility using this model. 

Example 8 : Osteomyelitis Model 

A fourth model useful in the valuation of 
25 pathogenesis is the osteomyelitis model (Spagnolo et al . , 
1993, Infect. Immun. 61: 5225-5230). Rabbits are used for 
these experiments. Anesthetized animals have a small 
segment of the tibia removed and microorganisms are 
microinjected into the wound. The excised bone segment is 
3 0 replaced and the progression of the disease is monitored. 
Clinical signs,, particularly inflammation and swelling are 
monitored. Termination of the experiment allows histolic 
and pathologic examination of the infection site to 
complement the assessment procedure. 
35 Example 9: Murine Septic Arthritis Model 

A fifth model relevant to the study of microbial 
pathogenesis is a murine septic arthritis model (Abdelnour 
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at al., 1993, infect. Immun. 61: 3B 79-3885) ln this 
-del oice are infected intravenously and pathogenic 
organisms are £oun d to cause inflammation in distal limb 
joint.. Monitoring of the inflammation and comparison of 
inflammation vs. inocula allows assessment of the 
virulence of related strains. 

Example in- Barreri-,1 p- ritoni t i „ m^.i 
Finally, bacterial peritonitis offers rapid and 
redictive data on the virulence of strains ( «. G 
10 Bergeron, 197B, Scand. J. x af set . Dis . Supp i . 14; le9 . 206 
S.D. Davis, 1975, Antimicrob. Agents Chemother, e- 50-53, 
Peritonitis in rodents, preferably mice, can' provide 
essential data on the importance of targets. The end 
point may be lethality or clinical signs can be monitored. 

iz: t r in£ection d ° se in comp « iso " " 

allows evaluation of the virulence of individual strains 
A variety of other in vivo models are available and 

-ay be used when appropriate for specific pathogens or 
20 ^" flC9enSS - For example, target organ recovery assays 
20 ,Gordee et al., 19M . j. AntlWoMe . 3 7 ; 105,-10 6 I. 

Bannatyne et al., 1992 . Infect , 20;168 . 170 , may ^ ^ 

for fungi and for bacterial pathogens which are not 

Z J T r K Ulent " animalS ' ^ addi «°-l information 

the book by Zak and Sande ( EXPERIMENTAL MODELS IN 
25 ANTIMICROBIAL CHEMOTHERAPY , o. Zak and M . A. Sande (eds ) 

Academic Press, London (1986) is considered a standard ' 
It is also relevant to note that the species of 

animal used for an infection model, and the specific 

genetic make-up of that aT1 ^ m3 i 
,„ „ . P tftat anim al, may contribute to the 

effects evaluation of the effects of altering the level 
of activity of the product of a test gene. For example 
xmmuno-xneompetent anxmals may, in some instances ^ 
preferable to immunocompetent animals. For example' the 
action of a competent immune system may, to some degree 
35 mask the effects of altering the level of activity of the 
test gene product as compared to a similar infection in an 
xmmuno-incompetent animal. In addition , 



WO 96/40979 PCT/US96/07937 



53 

opportunistic infections, in fact, occur in immuno- 
compromised patients, so modeling an infection in a 
similar immunological environment is appropriate. 

In addition to these in vivo test systems, a variety 
5 of ex vivo models for assessing bacterial virulence may be 
employed (Falkow et al . , 1992, Ann. Rev. Cell Biol. 8:333- 
3 63) . These include, but are not limited to, assays which 
measure bacterial attachment to, and invasion of, tissue 
culture cell monolayers. With specific regard to S. 

10 aureus, it is well documented that this organism adheres 
to and invades cultured endothelial cell monolayers (Ogawa 
et al., 1985, Infect. Immun. 50: 218-224; Hamill et al . , 
1986, Infect. and Imm. 54:833-836) and that the 
cytotoxicity of ingested S. aureus is sensitive to the 

15 expression of known virulence factors {Vann and Proctor, 
1988, Micro. Patho. 4:443-453). Such ex vivo models may 
afford more rapid and cost effective measurements of the 
efficacy of the "Off -Switch" experiments, and may be 
employed as preliminary analyses prior to testing in one 

20 or more of the animal models described above. 

IX. Alterna te Switch Designs and Control Mechanisms 

As suggested above, a large variety of mechanisms can 
be used to control the level of activity of a product of 
a test gene, all within the scope of this invention. The 

25 design exemplified above utilizes transcriptional control 
based on the ability of a repressor molecule (lac 
repressor) to stop transcription from an endogenous 
promoter (P3 promoter) . Expression of that repressor is 
then controlled by a second promoter (P MaZ ) . Expression 

30 from that prompter is turned on by the release of the jS- 
lactamase repressor in response to the presence of a £- 
lactam (CBAP) which does not have significant antibiotic 
activity. Therefore, this system requires the production 
of the blaRl receptor molecule and the /3-lactamase 

35 .repressor. 
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th is r t genecic switches £ ° r use - «» -thod. of 

this ™ tl », which are conceptually 

« ar functions to those described t « 

add tion, the promoter controlUng trans „ iption of 

s gene may be the promoter which normally controls th . 
test gene, . different endogenous promoter, or . 
heterologous promoter. Som e specific represser/operator 
pairs ar e the following: Perator 

10 lBXA Protein/bo** operator. This p air could 

replace the lac repressor/lacO operator. Production 
°f the lexA protein can be controlled by the 8. 
lactam.se or other control system. (Kenyon at al., 

«P«.tor. The t« system can 
clearly re pl ace the ,3-lactamase system in ch e 
exemplified switch design. 

Ill ^ r h ePreSS ° r/trp °P« a tor. The trp system c an 
r place the ^-lactamase system in the exemplified 
design. The trp repressor ^ es 

constitutivelv t-h« ^ • ■ p ea 

. Y ' the addltlon °f L-tryptophan 
activates the renrpciwr 

repressor causing it to bind to the 

operator site nop of 

. S SYStem in this ^nner 

requires that the recrp^nr i o 
25 . . . repressor is not significantly 

activated by tryptophan f rom the infGction host 

(4) other negative regulatory element pairs listed 

m V. above. 

While the above examples could be used as described, other 
uch regulators are known to those s.iHed in the art a^ 
30 the use of such regulators in the methods of t^ 

£Z ^ Withi " SCOPS ° f ~^ «* « «» 

3dditl0n C ° thE dSsi ^ of a switch using two 
negative regulatory elements, other switch designs can be 

z t: c r tro1 °* - — \t 

possible designs are the following: 
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(1) Replace the /3-lactamase repressor/operator 
system with a positive activator system, such as the 
ara system. The ara promoter would be 

transcriptionally linked with the lad gene (coding 
5 for repressor) or a. gene coding for another suitable 

repressor. This promoter is activated by araC 
protein in the presence of arabinose, so addition of 
arabinose would cause the production of the lac 
repressor, turning off expression of the test gene. 

10 (2) Use of a repressor which is activated by a small 

molecule to turn off transcription of a test gene. 
Examples of such repressor molecules are the arg and 
trp repressors, . which require the presence of 
arginine and tryptophan, respectively, to bind to 

15 their respective operators. In these switch designs, 

the repressor can be expressed constitutively since 
the repressor does not bind significantly to the 
operator in the absence of the appropriate repressor 
activator. Thus, if an operator which binds a 

20 repressor of this type is placed in cis with a test 

gene, addition of the appropriate small molecule will 
cause the repressor to bind to the operator, blocking 
transcription . 

(3) Use of an "On" switch instead of an "Off" 
25 switch. In certain evaluations, turning a test gene 

on rather than off may be useful. Such an "On" 
switch can readily be constructed using either 
activation or derepression. For example, the ara 
operator described above could be linked in cis with 
3 0 a test gene and an appropriate promoter. If araC 

protein is also produced, the addition of arabinose 
will turn on expression of the test gene. (Raibaut 
& Schwartz, 1984, Ann. Rev. Genet. 18:415-444.) An 
example of derepression utilizes IPTG (isopropyl-/?-D- 
35 thiogalactopyranoside) and the lac repressor/operator 

pair. With the lac repressor present and the Jac 
operator in cis with the test gene, the lac repressor 
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-11 bind to the operator. This blocks expression of 
the test gene. Addition of IP TG inactivates the 
repressor, releasing it f rom the operatQr 

allowing transcription of the test gene. (Note that 
derepression of Uc with IPTG can ^ ^ ^ ^ 

off switch design using two negative regulators if 
the lac represser/operator p air is used to control 
expression of a second repressor, the lac repressor 
is released by the addition of IPTO . This then 
allows expression of the second repressor, which then 

***** , t0 itS active operator, blocking 
transcription of the test gene.) 

(4) Use of antisense oligonucleotides (including 
hybrid polymers containing nucleic acid analogs) to 
block translation or transcription. As was mentioned 
above, antisense molecules complementary to a portion 
of an mRNA critical for translation can be introduced 
into a cell to block translation. Such molecules can 
be RNA oligonucleotides produced within the cell 
under the control of an artificially-controllable 
promote. Alternatively, modified antisense polymers 
can be used which contain nucleic acid analogs, which 
are more resistant to degradation. Such molecules 
can be administered in a form which can be taken up 
by the infecting microbes, and which then will block 
expression of the test gene by binding to the 
corresponding mRNA. Antisense molecules can also be 
used to inhibit transcription. Complementary 
antisense molecules, under some conditions, will bind 
to the sense strand of the DNA to form triplex 
structures. Therefore, if the antisense sequence is 
selected to be complementary to an appropriate sense 
strand sequence, transcription is blocked when the 

antisense molecule is nrespni- irrui 

xs Present. (Uhlmann & Peyman, 



(5) Use of ribozymes to block translation of test 
gene mRNA Ribozymes can be provided by similar 
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approaches as discussed for antisense molecules. 
All -RNA ribozymes can be produced with microbial 
cells under artificial control, or modified ribozymes 
containing nucleic acid analogues can be administered 
5 in a form which will, as with antisense, be taken up 

by the microbial cells. With either approach, the 
ribozymes will then cut the mRNA corresponding to the 
test gene, preventing (or at least significantly 
reducing) expression of the test gene. (Eckstein et 
0 al., 1992.) 

In addition to the control designs and mechanisms 
described above, any mechanism which provides specific 
artificial control of. the level of activity of a product 
of a test gene is potentially useful in the methods of 
5 this invention, and is included within the scope of this 
invention . 

X. Eukarvotic Microbes and Test Genes 

While the molecular biology of prokaryotes is, in 
general, better understood than that of eukaryotes, the 

0 use of eukaryotic microbial pathogens and test genes is 
within the scope of this invention. Those skilled in the 
field will recognize that there are also features of 
eukaryotic biology, differing from prokaryotic biology, 
which must be addressed in the practice of this invention 

5 with eukaryotic pathogens. These additional concerns 
include at least the following: (a) In diploid organisms, 
two copies of a gene are present. In many cases both 
copies must be inactivated to allow evaluation of an 
artificially-controllable copy of a corresponding test 

0 gene; (b) Control mechanisms, especially transcriptional 
control mechanisms, are often more complex, involving 
multiple components; (c) Chromosome structure is often 
more complex and more important to gene expression; (d) 
Recombinant techniques are often more difficult, due to 

5 such factors are the large size of eukaryotic chromosomes; 
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15 ma 



7 reSSi0 " ° £ten inTO ^. additional processing 

steps, such as mRNA splicing 

there 11 :"""; T ^ "» fi « W that 

there are control system, even in hi3her eukaryotes which 

can provide appropriate control for use. in the methods of 
this invention. For example, the steroid and thyroid 
ho™ (e.g., Cortisol. steroid sex hormones. and 
cdysone, and retinoids are widespread, and the control 
system responding to those hormones regu!ate the 
transcription of specific genes. Thus, such control can 
be used to control specific test genes. 

In addition, in the lower eukaryotes, a variety of 
control systems are known which can be used in this 
invention. An example is the system responding to the 



. -o^uuing to the 

ting factor peptide from Saccharoses cerevisiae 
Further, a variety of recombinant techniques are available 
for manipulating nucleic acid sequences in lower 
eukaryotic microbes. For instance, the genes required for 
the components of a switch can, for yeasts, be 
20 incorporated into a VAC (yeast artificial chromosome, . 
similar mini -chromosomes can be constructed for some other 
eukaryotic microbes as well. 

XI ' Viral Pathogens 

In addition to the use of the methods of this 

z e T n r evaiuate genes ° f path ° 9enic "Mch 

are themselves cells, these methods are also applicable to 
vrruses and v lr a! genes, while viruses utilize the host 

; lar th BChi 7 C ° eXp — tte virai-encoded genes, at 
least the products of those genes are potential 
30 herapeutic targets. Also, for many viral pathogens, the 
functions of those viral-encoded genes are not known 
Therefore, this invention is especially useful for 
evaluating the viral-encoded genes as potential targets by 
determining the effects of turning off the activity of thl 

r^nir 9Sne — — - been 
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In general, it is necessary to package the 
artificially-controllable copy of the gene in the viral, 
structure by inserting that copy in the viral genome. In 
some cases it is possible to inactivate the native copy 
5 and insert an additional gene sequence containing the 
artificially-controllable copy with the appropriate 
control component (s) , such as an operator site in cis. In 
other cases it is necessary to replace the native copy 
with the artificially-controllable copy, such as when the 

10 amount of DNA which can be packaged in the virus is 
limited. Therefore, it is preferable that other 

components of the control system, not encoded by the host 
cells, be minimized. 

Alternatively, if a cell-based infection model is 

15 used, the test gene and the required regulatory components 
can be inserted in a plasmid and the plasmid inserted in 
the cells used for the infection model, or inserted in a 
chromosome of the host cell using a transposon, other 
eukaryotic integration vector,- or by random insertion. 

20 It is also possible, in some cases, to insert foreign 

genes in the germ line of an organism (e.gr., a mouse), 
producing a transgenic animal. This technique can be used 
to produce an infection model host organism line which 
produces the molecules needed for controlling the 

25 expression of a viral gene. This obviates the packaging 
problems which can be caused by increasing the size of the 
viral genome . 

The methods of this invention are applicable to both 
DNA and RNA viruses. In either case, an artificially 

3 0 controllable test gene can be inserted. 

The embodiments described herein are not meant to be 
limiting to the invention. Those skilled in the art will 
appreciate that the invention may be practiced by using 
numerous microbial strains, species, and genes, as well as 

35 different designs of the DNA constructs, different 
selections of regulatory sequences and switching 
compounds, different mechanisms for control of the level 
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evaluation, all within the 
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infection models for in 
breadth of the claims. 
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Claims 

1. A method for evaluating a putative pathogenesis, 
gene or essential gene as a target for antimicrobial 
treatment, comprising the steps of: 

5 (a) infecting a mammal with a microbe containing an 

artificially-created genetic alteration, wherein said 
genetic alteration enables a change in the level of 
activity of a product of the coding sequence of said 
putative pathogenesis gene or essential gene in said 

10 microbe in response to an artificial change in the 
environment of said microbe, 

(b) changing the environment of said microbe in a 
manner which will cause a change in said level of activity 
of said product of said coding sequence, 

15 (c) determining whether the state of the infection 

or the physiological condition of said mammal is altered 
in response to said change in said level of activity of a 
product of said coding sequence, 

wherein said putative pathogenesis gene or essential 

20 gene is a target if the state of the infection or the 
physiological condition of the mammal is altered in 
response to said change in said level of activity of a 
product of said coding sequence. 

2. The method of claim 1, wherein said change in 
25 the environment of said microbe comprises contacting said 

microbe with a switching compound. 

3. The method of claim 2, further comprising a 
plurality of said artificially-created genetic 
alterations , 

30 wherein each said artificially-created genetic 

alteration enables a change in the level of activity of a 
product of a coding sequence of said putative pathogenesis 
gene or essential gene, and 
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genetic alt • ^ ° £ *"«^i^Y-=reated 

genetic alterations enable a change in said level of 
act lvlty in response to different 

5 plurals T meth ° d ° £ Claim 2 ' £Urther Rising a 
Plurality of said artificially-created genetic alteration, 

— ° £ ~" ™- — or 

wherein each said artificially-created genetic 
alteration enables a change in the leve! of activity of I 

oaT" ^ 3 COdin9 Se ^" Ce ° f 3 ~« P-a v 
pathogenesis gene or essential gene 

genetirrit 11 ^ ° £ """"ally-created 

genetic alterations enable a change in said level of 

15 IT " reSPOnSS C ° diffSrent SWitChi »9 -"Pounds, and 

wherein the levels of activity of the products of the 
cod ng sequences of at least two of said putative 
pathogenesis g enes or essential genes are changed In 
response to different said switching compounds. 

- gene or essl^a! tTT^l ^ TZ^ 

treatment, co^prisi/g the ste^ off" ^ " — 1 

(a) infecting a mammal with a recombinant 
microbe, wherein said recombinant microbe contains at 
least one DKA cons truct comprising a putative 
pathogenesis gene or essential gene, and wherein the 
expression state of said gene can be switched by 
contacting said microbe with a switching compound; 

(b) contacting said recombinant microbe with 
said switching compound; and 

30 ■ . <Cl dete ™ining whether the state of the 

infection or the physiological condition o£ said 
-ammal is altered in response to the switch of the 
expression state of said putative pathogenesis gene 
or essential gene; 
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wherein said putative pathogenesis gene or essential gene 
is a target if the state of the infection or the 
physiological condition of the mammal is altered in 
response to said switch of the expression state of said 
5 putative pathogenesis gene or essential gene. 

6. The method of claim 5, wherein said recombinant 
microbe is a recombinant bacterium. 

7. The method of claim 6, wherein said recombinant 
bacterium is a Staphylococcus species. 

10 8. The method of claim 7, wherein said 

Staphylococcus species is Staphylococcus aureus. 

9. The method of claim 8, wherein said 
putative pathogenesis gene or essential gene is a 
pathogenesis gene . 

15 10. The method of claim 9, wherein said putative 

pathogenesis gene is from the agr locus. 

11. The method of claim 6, wherein said putative 
pathogenesis gene or essential gene is an essential gene. 

12. The method of claim 6, wherein said recombinant 
20 bacterium is a Pseudomonas species. 



13. The method of claim 5, wherein said recombinant 
microbe is a virus. 

14. The method of claim 5, wherein said recombinant 
microbe is a lower eukaryote . 

25 15. The method of claim 5, wherein said recombinant 

microbe is a yeast. 
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16. The method of claim 5, wherein said recombinant 
microbe is a fungus. 

17. The method of claim 5, wherein said recombinant 

microbe is a protozoan. 

5 18. The method of claim 5, wherein said putative 

pathogenesis gene or essential gene is derived from a 
dxfferent microbial species than said microbe. 

19- The method of claim 6 wherein said putative 
pathogenesis gene or essential gene is derived from a 
10 different bacterial species than said recombinant 
bacterium. 

20. The method of claim 6 wherein said putative 
pathogenesis gene is derived from a yeast or lower 

eukaryote . 

15 21. The method of claim 5 or 6 , wherein said DNA 

construct further comprises a chromosomally- inserted 
artificially controllable promoter. 

22. The method of claim 21, wherein said 
chromosomally- inserted, artificially controllable promoter 

20 is transcriptionally linked with said putative 
pathogenesis gene or essential gene. 

23. A method for evaluating a putative pathogenesis 
gene or essential gene as a target for antimicrobial 
treatment, comprising the steps of: 

(a) infecting a plant with a microbe containing an 
artificially-created genetic alteration, wherein said 
genetic alteration enables a change in the level of 
activity of a product of a coding sequence in said microbe 
in response to a change in the environment of said 
3 0 microbe, 
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(b) changing the environment of said microbe in a 
manner which will cause said change in said level of 
activity of a product of a coding sequence, 

(c) determining whether the state of the infection 
5 or the physiological condition of said plant is altered in 

response to said change is said level of activity of a 
product of a coding sequence, 

wherein said putative pathogenesis gene or essential 
gene is a target if the state of the infection or the 
10 physiological condition of the plant is altered in 
response to said change in said level of activity of a 
product of a coding sequence. 

24. The method of claim 23, wherein said change in 
the environment of said microbe comprises contacting said 

15 microbe with a switching compound. 

25. The method of claim 24, wherein said microbe is 
a fungus . 



20 



26. A recombinant microbial strain expressing a 
repressor molecule which enables artificial control of the 
level of activity of the product of a test gene and having 
an artificially-inserted DNA construct comprising an 
operator site to which said repressor molecule can bind, 

wherein said operator site is linked with a test 
gene, and 

wherein binding of said repressor molecule to said 
operator site blocks expression of said test gene. 

27. The recombinant microbial strain of claim 26, 
wherein said DNA construct is chromosomal ly- inserted . 

28. The recombinant microbial strain of claim 26, 
30 wherein said microbial strain is a bacterial strain. 
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The recombinant bacterial strain of claim 28 
wherein said strain is derived from a Stanh 7 
species staphylococcus 



5 



0 



30. The recombinant bacterial strain of claim 29 
which is a strain of Staphylococcus aureus. 

' 3 "; The recombinant bacterial strain of claim 28 or 
30, which expresses repressor molecules for a lac 
regulatory system and a bla regulatory syste m, wherein 
expression of the lac repressor molecule is « 
tne jbla promoter. y 

rr 32 : ^ Strain ° f Claim 31 < comprising lacO, l acI 
transcriptionally linked with P an H h7 T 

1 ^iaz' and blaJ and bla£l 
transcriptionally linked with P 



33. The strain of claim 32, containing 



construct comp r i Sing the P3 promoter transcriptlona 
linked with the hJd/RNAIII gene, and 
further comprising a lacO site, 

wherein binding of a lac repressor molecule to said 
lacO site blocks expression of said hld/RNAIII gene. 
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Plasmnid constructs - 

1. Modified P3-RNAIII allele: 




2. Inducible lac repressor: 



a. 



blaR1 



blal 



b. 




lad 









FIG. 4. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40979 



o 



o 



PCT/US96/07937 



5/8 



FIG. 5. 



P3-IacO-RNAl!l 



P3 lacO 



hld/RNAIII 



Construction method 

1. SUBCLONE 2149 bp Pstl-Bglll AGR-hld/RNAIII-CONTAINING GENOMIC 
FRAGMENT FROM PLASMID pEX07 (JANZON AND ARVIDSON 1990) INTO PstI 
SITE OF PLASMID pALTER-1 (PROMEGA) FOR IN VITRO SITE-DIRECTED 
MUTAGENESIS. 



PstI (2149) 

! 



hld/RNAIII 

(1570-1056) 



Bglll/Pstl (1) 
I 



agr 

2. CREATE UNIQUE Bglll SITE IN P3 (C1557 TO G) WITH MUTAGENIC 
OLIGONUCLEOTIDE PIVS5, CREATING PLASMID pMP153 



PstI (2149) 



hld/RNAIII 

(1570-1056) 



Bglll/Pstl (1) 



agr 

(1758-) 



Bglll (1556) 



3. INSERT 21 bp lacO OLIGONUCLEOTIDE AT Bglll 1556 OF P3 

(3 CONFIGURATIONS: 1 OLIGO, FORWARD ORIENTATION; 1 OLIGO REVERSE 

ORIENTATION; 3 TANDEM OLIGOS, FORWARD ORIENTATIONS 



PstI (2149) 
I 



hld/RNAIII 

(1570-1056) 



Bglll/Pstl (1) 



agr 

(175B-) 



lacO 



pMPswitch7/ 8/ 9 



4. SUBCLONE P3-lacO-RNAIII PstI FRAGMENT FROM (3) TO S. aureus- E. 
coli. SHUTTLE PLASMID pMP157, CREATING PLASMIDS pMPswitch 7, 8. 9. 



SUBSTITUTE SH£FT F 
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blaZ 



■laci 



FIG. 6. 



aR1 r .blaZ 



laci 



Construction method 

1. PCR AMPLIFY 242 bp blaRl-blaZ PROMOTER-CONTAINING FRAGMENT 
(pI524 AS TEMPLATE) WITH 3' COMPLEMENTARITY TO E. coli. lad 



PIVS12 




Hindlll PIVS2 



2. FUSE blaZ PROMOTER TO 5' PORTION of laci CODING SEQUENCE BY 
PCR USING 

PRODUCT OF STEP 1 AS MEGAPRIMER 

step! megaprimer Bs\Ei\ 

HiJdin PIVS4 

3. RESTRICT PRODUCT OF STEP 2 (Hindlll + BstEII), LIGATE WITH 
BstEII-BamHI laci 3' FRGMENT (FROM pDG148) AND Hindlll-BamHI 
pBLUESCRIPT Ks+ CSTRATAGENE) 




Hindlll 

pMPswitch1/3 



4. SUBCLONE HindIII-BamHIP bZaZ -laci FROM pMPswitch 1 TO 

5. aureus-E. coli SHUTTLE PLASMID pMP16, CREATING PLASMID 
pMPswitch3. 
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FIG. 7. 



blal 



blaR1 



V///A 



lad 



1. RESTRICT pCH1712 WITH Hindlll AND Ndel, BLUNT Ndel SITE, GEL 
ISOLATE b I aRl -bl alFRAGMENT 



blal 



blaR1 



— C 



Y77} 



I 

Ndel 



Hindlll 



2. RESTRICT pMPswitch3 WITH Hindlll AND Smal, LIGATE WITH 
blaRl-blal FROM STEP 1 



blal 



blaR1 ? ^} £g§. 2 



lad 



777m 



I I I 

EcoR! Kpnl Ndet/Smal 



I I 

BamHI Hindi 



pMPswitch4 



3. SUBCLONE b\aI-blaRl-P hXaZ - lad FROM pMPswitch4 TO 5. aureus 
INTEGRATION VECTOR pXX, CREATING PLASMID pMPswitch5. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40979 PO7US96/07937 

8/8 



FIG. 8. 



tet repressor released upon 
tetracycline contact with microbe 




V is 1 

P3 „ ZflcO , hld/RNAIII 

V. lac repressor binds, blocking 
transcription of hld/RNAIII 
coding sequence 

Recombinant Staphylococcus aureus cells having two constructs 
able to produce lac repressor. The first produces lac repressor 
when the cell is contacted with tetracycline; the second when the 
cell is contacted with a beta-lactam e.g. CB AP. 

*!N THE CASE OF TETRACYCLINE, THE SMALL MOLECULE INDUCER (TETRACYCLINE) 
NOT ONLY "CONTACTS" BUT DIFFUSES INTO THE TARGET MICROBE. 
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